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0 INTRODUCTION

During penetration of an aircraft fuel cell, bullets and other high speed projectiles
generate intense pressure waves. Response of the fuel cell walls to these pressure waves can
be catastrophic failure due to severe fracturing of entrance and exit cell walls. This
phenomenon, termed hydraulic ram, is of particular importance to the survivability of U.S.
military aircraft.

A computer program was developed by NWC (Naval Weapons Center) which calculates
pressure waves generated by projectiles in a fluid. The fluid mechanics of hydraulic ram
were developed as described in a previous report by NWC.1 The purpose of this document is

0 to provide information for the Pressure Wave Generation Mode in thc application of the
computer code, Hlydraulic Ram Program - Version One (ItRP- VI).

THEORETICAL CONSIDERATIONS

To calculate fluid pressures, it is necessary to know the velocity, rate of kinetic energy
loss, and time of projectile arrival as functions of distance along the trajectory. Estimates of
these quantities can be obtained by using a simple model of the bullet behavior.

The bullet is assumed to travel in a straight line, and its deceleration is described by
Newton's Second Law.

ndV -D (1)
dt -

where

m = bullet mass A

V = bullet velocity K
St = time

D = drag force

The drag force can be expressed as

o D IpV2AoCD (2)

0 Naval Weapons Center. Fluid Dylnamin Anaysis of Hydraulic Ram by E. A. Lundstxom. China Lake, CA, NWC,
July 1971. (NWC TP 5227, publication UNCLASSIiiEI).)

i2 1
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where U

p - fluid dei, ty

V = bullet velocity

CD = drag coefficient of the bullet Q

Ao = projected frontal area of an unyawed bullet

Noting that

dxb -
v = (3)

where xb = bullet position along the trajectory, equations I and 2 can be combined, yielding

dV
-- Vb (4)dxb

Where the velocity decay coefficient, 1, is defined es

SP CD Ao (5)

the rate of kinetic energy loss, dE/dxb, where E = 1/2mV2 can be expressed as

dE _ dV (6)
dxb dxb

Combining equations 4 and 6 yields U1

dxb n•/2 (7)

For tumbling bullets, 1 is a function of xb.

In this model the bullet is presumed to enter the test cell with 0 degree yaw and
contirviue in this attitude with a constant drag coefficient until it reaches a distance, xl,
when, it begins to tumble. The bullet becomes fully tumbled at a distance, x2, aad continues
in this attitude with a constant drag coefficient. However, as evidencAd from experimental
results, 2 the bullet will impact the cell with 0 degree yaw and continue to tumble along its
trajectory for a number of cycles before assuming a stable attitude. The model has an option

2Navl Weapons Center. F&ud Dyrmic Analysis of Hyddaic Ram HIf by E. A. Lundstsom and W. K. Funs.

China Lake, CA, NWC, October 1974. (JTCG/AS-74-T-015, publication UNCLASSIFIED.)

2
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to include this continuous tumbling of the bullet. The coefficients, I1 and P2, are associated
with the 0-degree yaw and tumbled attitudes, and the value e3 is associated with the
stem-first attitude. For simplicity it was assumed that the tumbling proceeds at a constant
rate along the trajectory (Figure 1): that is

Sx2-x1 =x 3 .x 2 -' x4-x 3 =... (8)

ZERO YAW TUMBLING TUMBLED

VELGC'TY DECAY I
COEFFICIENT, TSTERN-FlIRST

P 02

________ -"x2 x3
* 0

Figure 1. Bullet Orientation Versus Distance Along
the Bullet Trajectory.

While the bullet is tumbling, i.e., xI, <xb, <x2, • varies radically as a function of xb.
"This variation can be expressed in general form as

P 01! + 0;2 P0l f(V) (9)

where

Xb-Xl

x2 xl (10)

while

o f(o) =0
f(l)= I

3

---------....
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An empirical function of the following form was used.

f(Y) = [1/2. 1/2csYn (11)

The exponent, n =3, is varied (see Fotoe2) yielding the following equations, for

XI < xb< X2

Xb (12a)
P(xb) PI+ (62-01) -/ /2cs x

for x2 < Xb < x3

P(xb) P2 + 033P2) 1l/2 -1/2 cos -I2b

1x3 - x211

When P3 is constant, equations 3 and 4 can be integrated directly. In the region 0 < xb
< xi where P3 P 1l, the initial conditions are V V0 and t =0. The integration then yields

Vb Vo 8
3 lxb (13)

and

'-- 
(14)

P I 1[Vb Vol

and equation 7 yields

dE2

In the region of tumbling, xl < xb < x2, algebraic expressions cannot be found;

therefore, a numerical integration method is used for the model.

For stripping of bullet jackets from the AP (armor piercing) core of the API (armor-

piercing incendiary) ammunition, a crude method for incorporating the jacket energy

deposition was developed. The projectile penetrates the fluid for a distance, xs, where the

jacket strips. The kinetic energy of the jacket and incendiary material are calculated at that

point. The energy deposition of the AP core is calculated in the normal manner except that
values of P appropriate to the core must be used. The energy deposition of the jacket is

=mF 2 + E Pjsii(xb xs)(1)

dxi) 1 c c'I, l
4

•:•=• •* •-.,• • (`••• • •• •:• • • •¸ ,••# ••••• :•7,:
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where

mj = mass of jacket

Vs = velocity of bullet at stripping location

Smc= mass of core

a = a constant found to be 1/3 (Footnote 2)

Because of the mathematical difficulties introduced by the wall boundary conditions, a

simple model (Figure 2) is used which neglects the wall effects.

Nx, W)WIS ~CAVITY SURFACE

Figure 2. Model of Drag Phase of Hydraulic Ram.

The bullet shown in Figure 2 is initially stationary in an infinite body of fluid until
t = 0. Then the bullet is impulsively accelerated to an initial velocity of Vo. At times, t > 0,
the bullet moves with a velocity, V, in a straight line along the axis. It is assumed that the
flow field can be described in terms of a potential function, •, which satisfies the wave
equation.

V20=
S (18)

cl at 2

where c = speed of sound in the fluid.

Then, the fluid velocity, u, is expressed as I
u = V0 (19)

and the Bernoulli equation yields

P 80 P "/2pu 2  (20)

i5
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where

P = total fluid pressure

Po = ambient pressure

p = fluid density (* .

The boundary conditions for equation 18 are that the fluid velocity is tangential to the
projectile surface and that P = Pc on the cavity surface, where Pc denotes the pressure in the
cavity. It is assumed that Pc is constant throughout the cavity; hence, the problem is to
determine the pressure as a function of time at any arbitrary point (x,W) where, as shown in
Figure 2, w is the perpendicular distance of this point from the x axis.

The problem is further simplified by ignoring the boundary conditions and then
approximating the effect of the bullet and cavity on the fluid by the action of a line of
sources distributed along the bullet trajectory. Then, the resulting flow field is symmetric
about the x axis, and the potential due to these sources can be expressed as

Xb(r)

CC3 r dt (21)
0

where

t distance along the trajectory

r = distance between points t and (x,co)

= source strength at t

For the finite sound speed, the integral must be evaluated along the line T + r/c =
constant, where r is the retarded time given by - = t - r/c. The integration path is included in
the time space representation shown in Figure 3. Using equation 14, the time of bullet
arrival, tb, on the trajectory as a function of the bullet position, xb, can be determined.
However, the results of the theory are not considered to be valid during the cavity collapse;
therefore, the lower limit in this integral can be taken as zero. The upper limit, Xb, denotes
the projectile position when r = tb.

The source strength, t, is estimated by a method based on the conservation of energy.
It is assumed that the flow is confined to a section, dx. as shown in Figure 4.

6
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BULLET TRAJECTOY

K xWY IX-
W/i

INTEGRTION

_______PATH

'b-

Figure 3. Integration Path of Integral in Equation 21
on the Time-Space Plane.

dx

dcw

CAVITY SURFACE

a

C Figure 4. Flow Model for Estimating Cavity Growth and Source
Strength Variation.

7
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The fluid velocity in this section is then

U 2r (22)

At the cavity radius, (A= a and u = da/dt so

t/2at (23)

Following Birkoff's theory (Footnote 3), the kinetic energy, dK, of the fluid in this section
within a radius, S2, is L)

dK u wdw dx (24)

with equation 22 and integrating

dK = 4'.pN' 2 dx (25)

where U

N = SnI2/a)

Since the upper limit, E2, cannot be infinite due to the physical impossibility of allowing dK
to be infinite, S2 will be assumed to be f'iite. Because the value of N varies slowly as a
function of 62, it can he treated as a constant. This is justified for the special case in which a
bullet is traveling with a constant velocity, since the correct cavity shape is obtained for C)
constant values of the quantity 12/a in the 15 to 30 range. Physically, this step can be
rationalized by considering the neglected influence of the noncylindrical divergence of the
flow.

The work, dW, done by the difference between the ambient and cavity pressure is

dW = 7(Po- Pc)a 2 dx (26)

The energy, de, deposited by the projectile in the fluid at dx is

de (E-) dx (27)__ _ o l
with equations 15 and 16 showing the expression for dE/dxb as a function of the distance
along the trajectory.

31irkoff, G., and E. H. Zarantonello. Jets. Wakes. and Cavities. New York, Academic Press, 1957.

8
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• "The conservation of energy can be expressed by the relation

de = dK + dW (28)

and with equations 25, 26, and 27, it becomesI d dx = 4.rpr 2 Ndx + w(Po - P,)a2 dx

A2 = rPC)

B2 Poc (31)

and simplifying, the energy balance yields the expression,

S1 ±I/2B• I -a2(32)

Eliminating " from equation 32, with equation 23

atLa ±B 47-a a2 (33)

'With boundary condition a = 0, at the time of projectile arrival, tb, integration of equation
33 yields

+ a = A - B(t - tb) (34)

where, according to equation 32

•=1/2 [BA'- B2(I - tb)] 35

The cavity behavior reaches a maximum radius when da/dt = 0. From equation 33, this
radius is A, and from equation 34, the maximum radius occurs at time, tm, at

tm = tb + A (36)

The effects of the walls were neglected, so equations 30 and 31 give only the upper bounds

SO for A and B; hence the source strength, equation 35, will be increasingly inaccurate as the
cavity approaches its maximum inside an actual fuel cell.

9

.-
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Now, the pr -ure field resulting from the line of sources' can be calculated. Substi-
tuting equation 35 for the source strength in equation 21 yields

Xb(T)

#(x,C,t) -l/2B f 1 )B tb( dt (37)

Note that the retarded time r in equation 21 was replaced by t - r/c.

To compute the pressure, the terms in Be•noulli's equation (equation 20) must be
evaluated. Thci term, a*/at, in Bernoulli's equation can be expressed in a simple form by
using Leibnitz's rule for the differentiation of integrals. Equation 37 becomes (see
Appendix A)

Xb(")
30 BA aXb(r) (38)

at -1/2 + 1/2 B2at Sb atJ r C):i

where Rb is the distance between the bullet and the point (x,w) and Ab denotes the value

of A, evaluated at Xb. The chain rule for differentiation gives

aXb(VT) aXb(r al (39) 0
at ar at

where

aXb = (40) U

where V is the bullet velocity evaluated at Xb, and sinceI•

ar . I aRb(r) 1 x- Xb aXb(T)[---"t=1+ -- -(41)F at c Rb at

equation 39 becomes

aXb(T) [I x XXb aXb(T) (42
at c Rb at (42) -,

10
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o Solving for aXb(T)/at gives

aXbQ'r) V (4

(t V X-Xb

occ Rb

With equation 43 and solving the integral, equation 38 becomes

a0. -1/ 2BAb- V +I1 2 B2 Q[Ix + Fo1 (44)1.
at Rb V-X-Xb Fx- Xb +Rb

c Rb

where R0 is the distance between the impact point and the point (x,w). In the same manner

the fluid velocity components, uIX in the x direction anu u. in the w direction, can be
derived as

0

Vx-Xb
B~b cRb

=x ax 1 /2 -B~

0 c Rb

Xb(T)

o 0

Rb V
c Rb

Xb

+ 1/213w Ar t - ~ tW (46)

00r
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It should be noted that fu actions A(Q) and t b(t) depend on the tumbling behavior of the (
bullet. Hence, the integrals in equations 45 and 46 cannot bc evaluated explicitly. Noting
the reaction that ý

=2 ux 2 u W+ (47)

the pressure field can be obtained by substituting equations 44, 45, 46, and 47 into
Bernoulli's equation 20.

Waves reflected from rigid plane walls can be calculated exactly by means of the
method of images. The boundary condition for a rigid wall is that the normal component of
the fluid velocity, un, vanishes at the wall. Pressure generated by the bullet has been
approximated by a line of sources (or sinks). The boundary condition at the wall can be
satisfied by adding the pressure due to a mirror image line of sources (or sinks) as illustrated
in Figure 5.

RIGID SURFACE

(Un 0)

MIRROR \IMAGE /LINE, OF SOURCES

Figure 5. Geometry of Method of Images for a Single
Rigd Surface.

The boundary condition for a free surface is P =0 at the surface. A negative mirror
image satisfies this condition to the extent that (

j+ 1/2 u 2 >> 1l/2un2I (48)

where, ut and un are the tangential and normal fluid velocity components at the surface. '

Equation 48 is satisfied for most conditions during the initial phase of hydraulic ram.

The method of images is easily extended to calculate reflections from the walls of
rectangular volumes. The result is a three-dimensional rectangular array of images. The

number of images in the array is determined by the number of wave reflections to beI
included in the calculation. A method for automatic generation of the image array co-
ordinates was developed, and its use, is discussed in Appendix B.
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The walls of aircraft fuel ce~ls are neither free nor rigid. However, due to their typically
light construction, waves reflected from these walls can be approximated by means of the
method of images for free surfaces. The effect of the inertial pro perties of the fuel cell walls
on wave reflections is discussed in Footnote 1.

SUMMARY

The pressure is calculated according to Bernoulli's equation

*P" Po=at".1/2pu2

The first term is dominant far from the bullet, while the second term is important closer to
the bullet. The boundary condition P - 0 at the surface is satisfied by the method of images
for the p 30/8t term only. It is suggested that the full equation be used to calculate incident
pressure waves on the wall

Although the action of the cavity behind the bullet is accounted for in the fluid model,
the absence of fluid within the cavity is ignored. Therefore, in the absence of external
surfaces, the calculated pressure will be positive outside the cavity, zero on the cavity
surface, and negative within the cavity. Indeed, the pressure will go to minus infinity as the
cavity axis is approached. In addition, the cavity presents an additional surface for reflecting

0 pressure waves. Thus, waves arising from the bullet, reflecting from the fluid volume surface,
and then reflecting from the cavity surface are not accounted for.

The presence of the bounding free surfaces of the fluid volume often produces large
negative pressures within the fluid, thus producing bulk cavitation. These phenomena are
not included in the fluid model.O

It is suggested that the pressure calculated by the program be truncated at negative
pressures; that is, if

P.O 0

o then

P=0

This process assumed that bulk cavitation always occurred and also automatically accounted
for the absence of fluid in the cavity.

Since the bullet is modeled by a line of sources, the pressure goes to infinity at the
bullet. It is suggested that the pressure calculated by the program be truncated at the
stagnation pressure of the bullet.

13
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PROGRAM DESCRIPTION

PROGRAM USAGE

The program consists of one short main program and six subroutines (TRAJ, -
MIRROR, IMAGE, TV, INTERP, and IPLOT). The basic function of this computer code is
to generate hydraulic ram induced pressure-time curves at user specified points within a
body of fluid. The code allows the use of the method of images to account for wave
reflections in a rectangular volume bounded by free surfaces.

DESCRIPTION OF SUBROUTINES

The primary task of this subroutine is to compute the following quantities as a U
function of ibullet distances along the trajectory.

1. 'rime of bullet arrival

2. Bullet velocity

3. Maximum cavity radius U

4. Time of cavity collapse

5. Drag parameter as a function of time

MIRROR ' "

This subroutine i responsible for computing the following:

1. Total pressure at a point (specified by the user) as a function of time

2. Pressure due to the limf- derivative of the velocity potential
3. Total fluid velocity as a function of time

4. X, Y, and Z components of fluid velocity

IMAGE

This subroutine computes the coordinates of the projectile entrance/exit points in the
three-dimensional image volumes with respect to the actual volume.

ly

This subroutine computes the value of the velocity decay parameter, then integrates
the equations of motion to obtain bullet velocity as a function of time.

14
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This subroutine interpolates the following quantities between discrete points along the
bullet trajectory.

1. The distance of the bullet along its trajectory as a function of retarded time
2. The velocity of the bullet as a function of retarded time
3. The radius of the attached cavity as a function of retarded time

The function of this subroutine is to generate graphic presentation of the total pressure
versus time at each point in the fluid body specified by the user. The plotting routines are
available only on the NWC UNIVAC 1110.

DESCRIPTION OF PARAMETERS

NJOB - a variable which indicates the number of different complete data sets to be
operated on by the code during one full run.

NP - a variable which specifies the total number of points at which pressure (as a
function of time) is to be computed.

TMAX - the maximum time, in milliseconds, for which pressure is to be calculated at
each point.

DT - time increment, in milliseconds, which specifies the timewise spacing of com-
puted pressures.

0 IPLOT - a plot request variable which equals 1/0 for plot/no plot. Note that this
variable controls plotting through routines available only on the NWC UNIVAC
1108.

AW(,.J) - this array contains the coordinates of *he points at which pressure is to be
computed. XW(I,1) X, XW(1,2) Y, XW(I,3) 2 (see Appendix C).

LM(l), LM(2), LM(3) - image array limiters in the negative direction of the X Y., and
Z axes (see Appendix B).

LP(l), LP(2), LP(3) - image array limiters in the positive direction of the X, Y, and Z
axes (see Appendix B).

XC(1), XC(2), XC(3) - the coordinates of that point which specifies the X, Y, and Z
dimensions of the rectangular volume into which the projectile is fired.

X(l), X(2), X(3) - the X, Y, and Z coordinates of the entrance point of the projectile
on the surface of the rectangular volume.

X(4), X(5), X(6) - the X, Y, and Z coordinates of the exit point of the projectile from
the surface of the recta.ngiular volume.

is

..4 . -= -I•- -n - - ' " - ' ' ,• -'; " • ,.': •• ' - ';• •' ' .. •:,``• •: :• • `'.....`4 ;;;g • • . • • ••. 'C "''•,: H_ .
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XMASS(I) - bullet mass, pound (Appendix D) 4

XMASS(2) - penetrator mass, pound

XMASS(3) - jacket mass, pound

AREA(2) - bullet presented area, normal attitude, in2

AREA(2) - bullet presented area, tumbled attitude, in 2

AREA(4) - penetrator presented area, normal attitude, in2

AREA(4) - penetrator presented area, tumbled attitude, in2

AREA(5) - jacket presented area, tumbled attitude, in2

AREA(6) - bullet stem-first presented area, in2

DRAG(l) - coefficient of drag for bullet, normal attitude C)

DRAG(2) - coefficient of drag for bullet, tumbled attitude

DRAG(3) - coefficient of drag for penetrator, normal attitudeDRAG(4) - coefficient of drag for penetrator, tumbled attitude

DRAG(5) - coefficient of drag for jacket, tumbled attitude

DRAG(6) - coefficient of drag for bullet stem-first, normal attitude

DENS - fluid density, lb/in3

PO - ambient pressure, psi

PC - cavity pressure, psi, normally taken to be zero

C - sound speed in fluid, ft/sec

1 BC - constant, normally taken to be 0.434

VEL - initial budlet velocity, ft/sec

DX - distance increment along trajectory, inch

NT - a variable such that NT = 0/1 means that the bullet does not tumble/does tumble

XSTRIP - distance along the trajectory that the bullet begins to strip

16
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XTUM - distance along the trajectory that the bullet begins to tumble, inch
(Appendix E)

DXTUM - distance required for the bullet to become fully tumbled, inch. If NT =0,
XTUM and DXTUM can be arbitrary

NE - is a variable such that NE = 0/1 means bullet does not exit tank/does exit tank

XE - distance along the trajectory where the bullet exits the volume, inch. If NE = 0,
XE can be arbitrary

* XMAX - maximum length of trajectory through volume, inch. Dimension statements
limit XMAS to 300*DX

EN - exponent which specifies power law followed by the drag function (EN = 3.0 in

general)

EFRACT - a factor related to bullet •tripping (EFRACT = 3.0 in general)

NCTUM A VARIABLE SUCH THAT NCTUM = 0,1,2 - means bullet does not con-
tinuously tumble/bullet continuously tumbles/bullet continuously tumbles for
one cytle

3S, OMEGA - pArameter not in use for this version set equal to 1

NSTRIP - a varia'-,! such that NSTRIP = 0/1 means that bullet does n(.t strip/bullet
does strip

INPUT FORMATS

Card
type Format Contents

I I I NJOB
* 2 13 NP (limit to 1,000)

3 2F10.5,11 TMAX, DT, IPLOT

4A

* 3FI0.5 XW(I,J) (limit to 300)

4Z

5 612,3F10.5 LM(1), LM(2), LM(3), LP(I), LP(2),
LP(3), XC(l), XC(2), XC(3)

17-44

_
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Curd K
type Format Contents "

6 3FI0.5 X(1), X(2), X(3)

7 3FI0.5 X(4), X(5), X(6)

8 :iFS.5, 6F6.4 XMAS(1), XMAS(2), XMAS(3,
AREA( 1, AREA(2, AREA(3, AREA(4,
AREA(S, AREA(6

9 6F6.4 DRAG(1, DRAG(2), DRAG(3).. DRAGM4,
DRAW(), DRAG(6) C

10 5F9.4 DENS, PO, PC, C, BC

I1I 2F9.4 VEIL,DX

12 Il,F9.1,4F10.O NT, OMEGA, XSTRIP, XTUM, DXTUM

13 11,F9.1 NE, XE

14 F1O.6 XMAX

15 3F62.3216 EN, BS, EFRACr, NCrrUM, NSTRIP

16A

2A6 AA(1), AA(2)

1 6Z

TEST PROBLEM

The following test problem was taken from Footnote 2. The calculations were per-
formed on a UNIVAC 1 110 computer.

1. Number of points, pressure-timne history to be calculhted: 5

2. Location of the points at which piessure is to be calculated:

a. (36, 30, 6)
b. (36, 30,12)
c. (36, 30, 18)
d. (36, 30, 24)

e. (36, 30, 30)

3. Size of tank: 60- x 60- x 60-inch projectile

4. Entrance point: (30.50, 31.50, 0.0)

18
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5. Projectile exit point: (30.50, 31.50, 36.00)

6. Type of projectile: 12.7 mm API

7. Projectile velocity: 2,797.50 ft/sec

8. Fluid in tank: water

9. Maximum time for calculation: 1 msec

10. Minimum distance for calculation: 35 inches

a. XTM-., 5.13) inches,1

* 13~. Time, in2m, t DT (0 0,.012) me

14. Distance increment: DX =0.2 inch

PROGRAM LISTING AND TEST PROBLEM OUTPUT (pages 20 through 58)

19
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c ******HYDRAULIC RAN PROGRAMq VERSION ONE**e****

C3OP ,NSLOTTIAX,6NP,3CO1,1J)O9D30*03IQt13QI130,l

Co"ONPO/lGINVO/ID I11
DATA ID136H 1'23A We FL;NG 3681 HRP OUTPUT
REA0IS91CaOD) #4..CB
00 1 Nxz1,NJoe
R(AD I5,2UOI)hP
READ £S,3C01)TI4AX,OT ,IPLOT

3001 FCRNAYTIZFO.5.I11
D021:-1,NP

2 CONTINUE
1I.ul rORMATI3I1Q*S
ZOUl FOR'PATtIT3
bCOa FORMAIMI)

CALL 1NAGiE(NSI
CALL TRAJiIA.B,DX,XEgkE.C.0CNS..JXE,JVIAXI
CALL MIRRORIABDXXENCCDLNS,.JXE,jP4AXI

1 CONTINUE
CALL EXIT
END

SUBROIJTINC TRAj (A.BDX.XENE .C .0NS.JXE,JIIAX)
DIMENSION XMASS(31.,3CTA17).AREA36).DRA0t6).A(3.400I
COMMION/XS rR 1P/XSTR IP .NCTUM
RE:AD I,000 HXMA3SS II .3 3tAREA( n. I-1i

6000 FORMAT3.3F5.5, 6F6.4)
READ(5.6001) ICRAGI(I).I'.6)

6001 FORIIAT(6F6.'.l
REAO(5.IO000 OENS.PO.PC.C.aC
REAO(5,1000) VEL.OX

1000 FORM~AT I5iF3. 4)
REAO(5,100l1 NE.XE

1001 FORMAT( II.Fg.1I 4FI0. II

CoaREAin5.1002) XMAX SRP 'J/ASTM'CCL

17002 FORMAT IH F II/5i. 10.RJL 0~i 1RRi L'INOEMOOE.
RE///.?XVEN3 EN'¾,FRA0.5,,2XS *Mo../.X.ERA

C '5THI P-5I , 0 X*NC I. ST IPIORUF/FANSE RP ~ I0i2.N

RIF' TEQ. 3)N-

.................-.......N)IEGII'A()ORGI
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30 3 F0RMAT(IHI)
I*:R I TE16.304)

304 FORMAT (//2X, '015TANCE IN) I OXT IME (IfSEC)8X .'VELjC I Y (FT/SEC)

I .6X2*CAVITY RADOIUS~lfl).4X.'CAVITY( COLLAPSE(M5EC2'.4X.*UETA'/)
is=- 10

VELVEL*.012
PELNS 1DNS/ .000 3864
B= I 10-PC )/DENSIBC
BzSORT (B)
J~IAX-*M1AX/DX* .001
jxVr>'E/DX+ .001
I GNAT =0
EIETAX-S3ETA( I)
D=XtMA'ul/(3. I'l5!92'65*P0-PC)*.0003O741)
0-SORTIO)

111111IAL VALUES
NPAGE -0
OV=EXP( -IETAX*DX)
V=VEL/DV
T=--l.-DV)/ITEIAX/VEL

4101 IFIJSTRIP.E0.01 G010 403
JS-XSTRIP/UX+0.5
AKJS
X'T)RIPýAK*OX

403 JJ.- I S) TO 402

BETAL I) =IETA( 3)

CLTA(6)=RETA(7)
0=Xt1AS5I2/1/3.14159a65#(PO-PC)1.000386411
0=S30RT (D)
05=.S#XIIASSI3) V-VBETA(5(/3. 14150265/(PO-PC)I.0003864
n5-D5/EFRACT
IV ITEMX.LT XTIJ,'I)CETAX-'LETA( I

IF( TEIX. GE .XTU:-i.DX TUM) ESTAX -BE TAI

6 DV-E;<P(-BETAX-DX)
I GNAT- I

1402 IF(NE.EO.0IGO TO09

IFIJJ.CGI.JXE) R~ETURN
9 IFiTEMX.GT.XIIAX) kETURN

IF(NT.EO.) 00 T010
IF) TEMX.LT.OXI .ArJD.TEMiX.GT.XTUJM)GO TO 11
IFItICTUM.EQ.I.ANDO.TEMX.GT.XiJM) 0010 11

10 T=T.(I. -DV)/I3ETAX/V
IFiNI.EQO.) 6010O13
GO TO 12

1I CALL TV(T.V,OF.TAXBETAOX.rEMX,XTU)1.DXT).I)'I.ENN4CTUM
12 h.RTlXI12M4DXTUM

lýITEIIX.GE.ART.ANOI.TEMX.LE.OXT)DV=EXP(-LIETA(2)*DXl

AIM=D-V-SURr(ETX
IF(IGIIAT.Eo.I)GO TO01103

00 TO 9494
I1I103 C ON T INUE

1H-~3)RT iAM#AMtD5EXP((XSTR IP -XX )8ETA(5l

21
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9494' CONTINUEU

TM1-i. OA1419
TMN-TM+T
AI 1.JJ+I 3-V
A(ZJJ.I ).T
A43.JJ41 )*AM
VFT*V/.012
IFTIIR0.NE.01 GOTO 8
WRITE (6. 305) XX.T .VFT.AM.TMM.BETAX

r 305 FORIIAT(ZX.FI0.'..IIX.
I FIO.4. I2X.F9 Ii. 14X.Fg.4. 12X.Fg.4.9X.Fg.S)
IJPAGE-NPAGE.I
IFIJPAGE.LT..81 GO TO 8
WRITC(6.303)
WRITE 16. 304)
HPAGE-0
GO TO a

SUBROUTINE MIRROR(A,B.DXXE .NE.C.OENS,JXE.JPIAX)
DIMENSIONJX(3003 ,W(3n0) ,R0(300),RI(3003,X11300).YI(3003 ,Z14300)
OfiHENSIOIJEW( 2000) .EX 30003 ,DEX2( 1000) ,0EW2( 1000) ,A13.3001 *LE1000)

I f .DIMENSIONTIG4500).P~105001
C 0 1110N I PL 0 .AS I GNiZ 0 0) ,X 0(3 0 03Y 0 3 00.Z 0 30 03X 13 0 0)Y 1 3 0 0 Z I

13003 .NSDT.TMAX.NPXW(300.3)
00 6 JK-I.NP
XP-XU(JK. I)
Yr-xw(jK.e)
ZPaXWIJK,31
DO I KIl.NS

C COORDINATE TRANSFORMATION

UR0(K)-SRT(F0(~-K))*

WRITE(6.1 O0'(RfK

X(RITE X(6,20) (OK, #XP(K),W K))*XC(K)*YO(K) O (K) ,XI -Y(K) I'K ZI()

A()SIC.NW(Kl - N)

XI( i-X K)/ liK G(X (K)XO( ))+ 22K

YI K- X . R (K O( I .'O(.-V,(
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10C6 FOR"ATI//SSx, 'SOURCE CLORDINATES'//I,SOX,*'X%1(x,'w',9xtXXO',X$

C PRINT HEADIN~G
6PITE (6,*10C?3

ICL7? FORNATIti.1,i,Ix,'TIMSECI',d4X,'PIPSIJ',5X,'ppHX',6X,'u(FT/SECI'I
I SX,'kjX',9X, 'UY ,9X, LZ'J//

C FIND INTIAL TImE

DO M:,N$
IF (0C4.K I.LT.RMIN) Rw!N:-RUK)

;e CONTINUE
.JT:-RMIN/C./DT
T:jT
T=T.CT-D 1*2Z.

I.)~ VTT4CT
IF(T.GE.1POAX)GO~ TO 666

Sut'uy:ce
su~uz=c;*
SPPHI:O.

C COPPUTE PRESSURL AND VELOCITY AT TIME T
DO 5 K=1,Ns

U ~C FIPST FIND PRO.JECTILE PARAMETERS FOR SOURCE K
CALL TNTLRPIXX,V,AM,LKA ,X,.,TC,OXJMAXNEJXE)
IF(LfKI.Lo.O) 6O TO 5

C CHECK FOR EXIT AD XMAX
IFILIK).6T.JPAX) C-C TO b
IF ENE-EQ.Q) Gc TO 4
IFILIK)*LE*.jxr3 GO TO 4'

4' CONTINE
C COMPUTE VELOCITY 'ýUE TO SOURCE~ K

R :SORT(R)

oEX1:'#AM-rl*R/C)*V*DTDX/R**3

DEw1:DEX1*XK*I-*1.RI/OK

DEW1:OEEiA*k(K).BiwIK3*i(XIK3-XXI/R-XIK)/ROI(K)3
FX(IK):EXtKI'.5*(DEX1.DEX2t'4)).DT
LWhI(M):EWIKI..5*IOECWI1.0LWV21*DY

DEl? (K) :LEXI

UUI**AM*VIC*DTCX/Q**2
( UXX~uUj*lx(Kl-Xxl*R*cX(jx

Ux:tuhI/6IK)*IYP - I I K )UX A/ P I I It4VI K I -YnlK I I 1*0.5

UZ=IUhuih(Kl*tZP -1K .XI1K.2()Z~K33*.
C COPPUTE PRESSURE IPPHI I OUL T0 -OURCE K

PPN!:P*AM/R*V*DTDX-P*B.ALOGEIXII).*R0(H))/(X(K)-KXXR)I
PPH17PPHI*Cý.5

44 C SUM VELOCITIES
SUMUX:SUHUX.UY*ASIGN(I()
SUMUY:SUPMUY*UY*ASTGOIK 3
SUMU 2:S UMVZ UZ A STG N IK I

C SUM PRESSURES
SPPHI=SPP$'l*PPHI*ASIGN (K)
5CONTINUE
UX=SUI'UX/.U12
UY=SUM UY/.i,12
J?:SUPOUi/o..,1Z
PP N I =SP P H I * DL NIS

£ 23
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Px5PPNI-.51DENSOU2*.O00I'' tj
IlIU'IMU*1
TIGI IMU).T .
P101 IHU)-p
U-SORT 1U2)

C PRINT OUTPUT
WRIrE(6.10081 T.PPPHI.U.UX.UY.UZ

1008 FORIIAT46X.91711.3)
NPAGE-NPAGE. I
IF(NPAGE.LT.49) 00 TO 3
WRITE(6. 1007)
NP AGE-
00 TO 3

666 CONTINUE
SSS~UI10.0
DO 20 IK-2.II¶U

20 SSSUM-SSSUt1.PIG(IK)
SSSUfi-(PIGII),0.5.SSSUM-PIG(IMU)*0.5)o.0125
WRITE (6 *1009 )SSSUM

1009 FORMAT(//.IH .'TOTAL IMPULSE (PSI-MSEC) * .FIS.7)
IF(IPLOT.EQ.I)G6O TO 68
00 TO 69

68 CAI.L IC'PLOTITIG.PIG. IMU.XP.YP.ZP)
69 CONTINUE

6 CONTINUE
RETURN
END

SUBROUT INE INTERPIXX.V.AM,LK.A,X.W.TCOX.JMAX.NE.JXE)
DIMIENSION At3.300) *L)1000) *X( 10001 H( 1000)

I 114L.K)*1
IF(LK).GV..JlAX) RETURN
IF(NE.EOl.0) GO TO 2
IFVLIK.GT.JXE) RETURN

2 XJ'ýLIK)

RlXtK)-XX)**2+W(K)6,2
R-SORT cR1
TAU=A(2.M) .R/C Q
IF(T.LT.TAU) 0TiO 03
I (K)sL (K 1.1

GO TO I
3 IFIL(K).EO.O) RETURN

C INTERPOLATE
RR-(X(K)-XX.OX.I.'2.W(K)*,2
RRlSORT (RR)
TTAU-A12.M-I )*AR/C
DL=()T-TTAU)I (TAU-ITAU)
XX-XX-0X+0LO0X
V=A( I M- I) DLf(IAl I M) -Ac I t-II))

RE TURN
ENO

24
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SIJOROUT INETV(T.V.BE TAX. BETA, OX, TCX. XTUM.DXTUI.EN.N6CTUwI)
DIMENSION BETA(71
VTsV

8-*(TAX
DtIM-XTUI.OXTWI'i.
irUTE1IX.GE.OUH.AND.NCTU".EQ.21 GOTO 3
IT(TEHX.GE.XTUN4DXTUM.AN0.NCTUN.EQ.0O GOTO 4
VY-w TEKX-XTUhl IOXTL4N

YYaYY-AY*Z.
YPl-YY*3.1416
YPI-ASSIVPII
ASCOD-OW*2. OOXTUN
IFITEMX.GE.ASSiABCD)) 0010 5

Q ASCO.OWI.DXTUN
IFITEI4X.6t.ABS(ABCO3I 0010 6
IFiTENX.GE.XTUN.LUXTUrn 0010 5

6 BETAX-SETALI).IDETAI2)-BETAII))' .5'(I .-COS(YPI 3 )'*EN
0010 3

44 OETAXoKTA921

5 BETAX.8ETA(5,9(ETA(a)SETAiG))o..S2II.-COS(YPfl,3..ENo ~~3 CONTINUE- Di.
VvT*TTEX I -f.I TAB) DX/2.1

RETURN
END

IJ SUBROUTINE INAGEIJI
DIMENSIONLM(33 .LP(33.X(33 .XCI3) .XP(350.3 .A(33 .8(33 .C(3) .SNI31.
ISNJ(33
COSIHON IPLOT .ASIGNI3003 *XO( 3003 .YO1300).,ZOC 300) *XII 3003 .Y11300).*Zlt
13003l.NS.DT.T"AX.NP.X4.(300,3J
REAO(5.ggLM(I 3.LN(2) .LI(33 .LP( 13.LP(Z) .1P313.XCI I) .XC(23 .XC13)
NwI

'0 99 FORMAT6IS12,FIC.51
WRITE166,999)

MR ITE (5*10003
WRITEIS. 30013XClI1).XC423 .XCf3)
I4RITE16.49993

14 READ(5..98l(X(Kl.KwI,3)
98 FOR"ATI3FIO.51

C DETERMINE IF LMIK) ARE EVEN4 OR 000
C SN(K)--I 0008 SN(K)-.I CVEN

0 999 FORMAT(IHI.60X.*IMAGE DATA')
1000 FORPIATI///.56X.*CORNER COORDINATES.I./'.BX.IXC(I)1.1OX.IXCIZI).I0X

I.* XCI311*
1001I FORMATI/.%7X.F7.e.OX.F7.?.9X.F7.23
1499IJ FORPIATt///.IX.IPOINT NO.5.X.*Atl)P.X,*AIeR.SX.*A(33.5X.'I"AGE

ITYPE..I0X..XO..IOX..VO..IOX, Z0'.IOX,-XP.IOX.'YP.IOX,-ZI-I
DO IKwI.3

*ALti-ALMIKL)1

LLNvALM
SL".LLN
OLN-ALM--BLfl
SNEKI--I.
Ir IDL".LT .0.1ISNtIKfsI.

I CONTINUE
C COIIPUIC POINT COORDINATES XP(I.K)

25
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JXPI-LPII)+LNI1I*I
,JY"*LPta3 .LIH2)+I
JZftwLP433.LPI13)+I

C INITIALIZEAND START THE X DIRECTION DO LOOP

SNJI I) -SN( 13
OO5JXuI .jxm
SNJ(i)--SNJ(I)

C INITIALIZE AND START THE Y DIRECTION DO LOOP

SNJ123=-SN(21
DO 4jy"I.jyN
AII)=A(23*I.
SNJ(Z3--SNJ(2)

C INITIALIZE AND START THE Z DIRECTION DO LOOP
A (3)--Lttt 3)-1
SNJE31--SN(31
003JZ-I.JZ"
At 3)*A31331.
SNJ(33a-SNJ(3)

F: CADVANCE THE POINT COUNTER I AND COMPUTE THE XYZ COORDINATES xi~aIU3 or
C POINT I

002K&1 .3
8tK)*IsI.*SNJlK3)ia.
CIK~atI.-SNJ(K)1/2.
XP I .X3-A(K)OXCIK3.BIK3*X1K3.CIK3 'IXCIKI-X1K33

2 CONTINUE
ASIGN(II3SNJ( I 3SNJ123'SNJ(3)
IF(N.EQ.Z3I4RITE(6.100)1.ACI).A(23 .A133.ASION(I),XOII).YOII).ZOII3.

100 FORMATu .3X. 15.7X.FS. I .4X.5.1,4.X.F6. I 6X.F5.1I.gX.FIO.5.5l2X.FIOý5

3 CONTINUE
'. CONTINUE

6 CONTINUE
GO TO (6.9).N

6 DO83JJmI.I
XO(J13.XP(JJ. 13 0
YO(J.J).XP(JJ.2)
ZO(JJ)aXP(JJ.3)

S3 CONTINUE
N-2
00 TO 1'e

9 OOO'JJ-I.I
XI (JJ)*XP(JJ.I 3
YI (JJI-XP(JJ.2)
ZI 1443'XPtJJ.3)

3'. CONTINUE
RETURN
END

SUeROUTINE' IGPLOTIU.V, I.XA.YAZAI
OIPIENSIONS1%3.C(S,0153 .E(S)
DIMENSION A(I)
DIMENSION Z1200)
DIMENSIONU~i 1.VE II.X(5003 .Y(5OO
DIMENSIONAAI2I
READ(5.690)AAfI13.AA(2)
IFlI.LE.5300 TO 6969

26
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0 .690 FORMAT(CAS)
Bt )w6N4NAVAL
8(e)-SN WEAPO
913)u6I4NS CC
814)wSHNTER
C (t)*8NADYANC
C(Z).6HED STS
C(3)-GHTEMS il

0 C4I166HRANCH.
C E5)6N CODE
C(S)-6N 3014
Ott )6HAIRCRA
Otel.6HFT SutR
0(3)-6HYIVABI
O(%)*6HLITY P
0(5) -SHROGRAH

* C(I)*SHRUN NO
E121=SN. HRP-
Eg3)n6H-
CALL MODESO QZ.01
00 100 .1-1.1
X(.J)uU(I)
Y(J)Sv(iJ)

1OO CONTINUE

XMIN-X( I)
YMAXeY(I)
YMINOY( )
D06661'.KI * I
IFIX(ILKI.LT.XMIN) XNIN-X(ILK)
IF(X( ILK) .GT.XMAX)XMAXnXI ILK)
IF(YltILK) .GT.YMAX)YMAX-Yt ILK)
IFfYt ILK) .LT.YMIN)YMINmY(ILK)

0666 CONTINUE
CALL O8JCTG (ZO.0-,4095.,3071.)
CALL SUBJEG(Z.XMIN.YMIN.XMAX.YMAX)
CALL GRAPHG(Z,I.X.Y.9.9HTIME--MS..80.COHPRESSURE--L9./SO.IN..45.45

IHPRESSURE VS. TIME PLOT--HYDRAULIC RAM PROGRAM)
CALL POINYG (Z.J.X.Y)
CALL LINESG(ZI.XY)
CALL SETSMG(Z.I%.1.O)

* Atl)u6HX*
CALL NUIISRGtZ.1535..II1..-6.AtI))
AtI)u6N
CALL NUMBR~tZ. 1616..*III. ,-6.At I))
AtI)m6NY a
CALL NUMSRG(Z. 193%. * III.-6.At 1)1
AtI)s6N
CALL NUM8RG(Z. 1915..*III. .-6.At I))

* ~AtI)sSIZ a
CALL NUMaRGEZ.2130..IJ1..-6.AtI))
CALL NUM8ROIZ.I6Z7..:11..5.I.XA)
CALL NUMBRGEZ.1909..III..S.3.YA)
CALL NUMBRG(Z.282Z..III..5.1.ZA)
CALL NUMSRG(Z.IG5S..3036..-Z%.9J
CALL NUMI9RGlZ. 1708. .Z90I-,-36.Cl
CALL NUMSRGtZ. 1710. .Z89 . .-30.D)

*CALL NUMSRGIZ.1RI6..27I1..-I4.E)
CALL NUM9RGfZ.Z368..87II..-18.AA)
CALL SETSMO(Z.I%,0.0)
CALL PAGEG (Z.O.I.1)
CALL EXIrO QZ)
MRITEIB.IOS91AA I) .AAI9)

1069 FORMATtI///.'**&***v***DATA POINTER-04009060' *./.*'*TNIS OUTPUT CO
IMPLEMENTS IGS PLOT HRP -*.2A6)

6969 CONTINUEo RETURN
END
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DISTANCE (IN) TIME IMMC) VELOCITY (T/SIEC) CAVITY RADIUS OIN) CAVITY COLJIAPSE (MEC) BETA u

.0000 ,0000 2797.4999 3.2938 24.3160 .001732

.2000 .no6o 2796.5309 3,2927 24.3135 .001732

.4000 .j119 2795.5622 3o2915 24.3111 .001732

.6000 .0179 279405939 3.2904 24.3086 .001732
.8000 .0238 2793.6259 3,28Q3 24.3062 .001732 C

1,0000 .0296 2792.6582 3e2881 24e3037 *001732
1.2000 .035G 2791,60G9 3.2870 24.3013 .001732
1.4000 e0416 2790.7239 3o2856 24,2988 .001732
1.6000 .0477 27M907572 3e2847 24.2964 e001732
1,8000 ."537 278807900 3,2836 24.2940 .001732
2.0000 o0597 2787,6249 3,2824 24,2916 .001732
2.2000 e0657 2786o8593 3,2813 24.2891 .001732
2.4000 .0716 2785.8939 3,2802 24.2867 0001732
2.6000 ,0776 2784.9280 3,2790 24.2843 .001732
2,8000 e0636 2781.9643 3,2779 24o2819 .001732
3.0000 e0896 278390000 3,2767 24*2795 ,001732
3.2000 ,0956 278273659 3.2756 24.2772 .001732
3.4000 .1016 278107,23 3.2745 24.2748 e00173'
3.6000 .107c 2780m1090 3,?733 24,2324 .001732
3.4000 .1136 277Q11460 3,2722 24.2712 ,001732
4.0000 .1196 27780833, 3.2711 24.2676 .001732 4

4.2000 .1256 277732211 3,2699 24.2653 ,001732
4.4000 .1316 2776.2590 3.2688 24.2629 .001732
4e6000 .137b 2775.2974 3o2677 24.2606 0001732
4.8000 .1436 277463361 3,2665 24,2582 .001732
5.0000 .1497 2773.3751 3.2654 24.2559 .001732
5.2000 .1556 2772.4144 3.2643 24o2535 .001732
5.4000 1l0 16 2771.4541 3.2632 24.2512 ,001732
5.6000 .1675 2776.4941 3.2620 24.2489 .001732
5.8000 .1736 276925344 3o2609 24.2466 .001732
6.0000 .1797 2768.5751 3.2598 24.2444 .001732
6.2000 .2153 2767.6161 3.2587 24o2424 .001732
6.4000 01917 276696573 3e2577 24.2411 ,001732
6.6000 .1977 2765.6988 3o2569 2492408 .001733
6.8000 .203b 2764.7404 3.2563 24.2426 2001733
7,0000 .2098 2763.7'18 3.2561 24.2475 .001734
7..2000 o2156 2762o8228 3.256? 24.2575 .001736
7.4000 .2219 2761.a629 3*2582 24a2748 *001739
7*6000 *2279 2760.9013 3.2611 24.30?4 *001743
7.8000 ,23 c 2759.9370 3.2660 24.3443 0001750
8.0000 .2400 2758.9689 3.2734 24.4052 .001759
8.2000 .2460 2757,9949 3*'L842 2404906 o001772
8*4000 .2521 2757.0130 3.2991 24o6072 .001789
8.600C o2581 2756.0202 3.3193 24.7623 0001812 '
8abC00 *2641 2755.0129 3.3459 24.9644 .001843
9.0000 .2702 2753.9e6P 3.3800 25.2225 0001FE2
9.2000 .2763 2752.9366 3,4,230 25o5461 .001932
9.4000 *282! 2751.8561 3.4762 25.9450 .001994
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JTCG/AS-74-TaI 8

DISTANCE (IN) TIME (MSEC) VELOCITY (FT•/S• CAVITY RADIUS (IN) CAVITY COLLAPSE (MEC) SETA

9.0000 .24 2750.7378 3.5410 26.4289 .002071
.S0000 ,?944 2749.5732 3.6185 27,0073 ,002164

10.0000 .'005 2748.3524 3.71C0 27.6887 .00227?
10.2000 .3066 2747.0641 3.8164 28.4806 ,002412
10.4000 .3126 2745.6957 3.9387 29.3894 .002571

10.6000 .3187 2744.2327 4.0774 30.4195 .002758

10.0000 .3246 2742.6593 4.2330 31.5741 .002Q76
11.0000 .330t 2740.9581 4.4056 32.8545 .00322e
11.20Cc .3369 2739.1100 4.5952 34.2604 .003517
11.4000 .34.30 2737.0•42 4o8016 35.7899 .003845

L 11.6000 .3491 2734.8883 5,0243 37.4398 ,004?17

11.000C .OS52 2732.4685 5.2626 39.2056 .004635

12.0000 .3613 2729.*b)93 5.5160 41.0817 .005102
12.2000 .3674 2726.8309 5.7833 43.061R .095620
12.4000 ,3735 2723.6644 6.0638 45.1385 .006193
12.6000 07797 2720.1215 6.3563 47.3040 .006823

12.0000 .385b 2716.2252 6.6597 49.5498 .007511
13.0000 .'919 2711.9447 6.972b 51.8670 .008260
13.2000 .39b1 2707.2487 7.2942 54.2462 .009071
13.4000 .4042 2702;1059 7.6228 56.6777 .009944

13.6000 .4104 2696.4948 7.9570 59.1516 0010880
13.&8000 .416o 2690.3545 8.2957 61.6576 .0118h0
14.OCO .•22• 2683.6846 8.6372 6401852 .012943

14.2`00 .4290 2676.4459 8.9802 66.7239 .014067

14,4000 .4353 266?.6106 9.3233 6992628 .015251

14.6000 .4415 2660.1524 9.6650 71.7913 .016494
14.9000 .44.78 2651.0474 10.0038 74.9986 .017792

15.0000 .4541 2641.2739 10.!382 76.7738 .019143

15.2000 .4604 2630.8131 10.6669 79.2064 .020541

15.4000 .46o 2619.6491 10.9883 81.5859 o021984
15.6000 .*431 2607.7696 11.3012 83.9020 .023466

15.8000 .4795 2595.1659 11.6041 F6.1448 .024982

16.0000 .48E0 2581.g330 11.8998 88.3047 .026526
10.2000 .4925 2567.7703 12.1751 90.3725 .02S091

o 16.40C0 .4990 2552.9812 12.4406 92.3396 .029671

16,6C00 .5055 2537.4736 12.6915 04.1978 .031258

16.*000 .c121 2521.2598 12.9265 95.9396 .032845
17.0000 .5187 2504.3567 13.1449 97.5582 .034424

17.2000 .5'54 2486,7853 13.3457 99.0474 .035987
17.4000 .5321 2468.5714 13.5283 100.4019 .037526
17.6000 .5389 2449.7446 13.6920 101.6170 .039032

17.8000 .545d 2430.3388 13.S362 102.6890 .040496
18,0000 .5526 2410.3917 13.9607 103.6148 .041916
1F.2000 .5596 2189.9444 14,0651 104.3924 ,043276
18,4000 .5666 2369*0414 14.1492 105.0203 .044571

18.6000 .5737 2347.7299 14.2130 105.4982 .045794
* 18.8000 .5O 2326.0597 4o.2565 105.8262 .046937

19.000c .qoe 2304.0o07 14.2798 106.0055 .007C93
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7G

JTG/AS-74-T.18

DISTANCE (IN) TIME (IMEC) VELOCITY (PT/SIC) CAVITY RADIUS (IN) CAVITY COLLAE (MIEC) BETA

19.2000 05953 2281.8526 14.2832 106.0379 .048Q56
1904000 .602c 2259,4242 14.2670 105.9259 .049A20
19.6000 ,6100 2236.8531 14,2317 105,6725 ,050579
190booo .6175 2214.1957 14.1777 105.2R16 .051229
20.0000 06251 219105078 14.1057 104.7574 .051765
2002000 .6327 216398452 14.0162 104o1046 .052184
20.4000 .6404 2146.2626 13.9100 10i.3265 0052484
20.6000 96482 2123.8138 13,7879 102.4344 *052662
20.3000 .6561 2101.5506 136f505 101.4283 .052717
21.0000 .6641 2079.5206 13.5005 100.3286 *052663
21.2000 .6722 2057.7641 13.3399 99.1511 *052511
21.4000 .6803 2036.3171 13.1694 97.9008 .052261
21.6000 .At85 2015.2136 12.9898 96,5!31 e051916
21.8000 06966 199494851 12,8017 95.2031 *051477
22.0000 07052 1974,1610 12,6060 9307661 .050947
22.2000 o7137 1954.2681 12.4032 92o2776 .050331
22,4000 .7223 1934.8303 12.19A1 9007427 ,049630 0
22.6000 .7310 1915,8692 1100794 8•01666 .048851
22.*8000 .7397 1897e4139 11.7599 *7.•4A .047998
2300000 .7485 1879,4500 11,5361 PS,'!17 9047075
23,2000 07574 1662.U214 11.3089 84.2427 .046090
23.64000 .7664 1845.1288 11.0787 8205527 .065046
23.6000 07755 128.7903 10.8463 80.0841 .043952
230tGOO .7c46 1o12.9P19 10.6123 79.1277 .042812
24.0000 07939 1797.7363 10.3773 77o4019 ,041634.
24.2000 ,F032 1783.0447 10.1418 75o6730 .040424
24040C0 oP126 1768.9057 9.9065 73.9451 .039169
2 4,0C10 08220 1755.3156 9.6718 72.2223 .037935
240eP00 0F316 174292689 9.4384 70050d6 .036669
25.0000 08412 1729o7581 9.2007 68o8078 .035398
25,2000 0P506 1717.7738 8,9773 67.1236 .034126
25.4000 .8606 1706e3051 807505 65,4597 .032A62
2506000 .8704 16950339* 805270 63.8194 ,031609
25*8000 08802 1684.8638 A93072 62.2064 *030!75
2690000 ,P901 167498623 890915 60,6237 .029163
2692000 .9001 1665,3192 708803 59"0748 0027979
26.4000 .9102 1656.2174 7.6741 57.5626 .026826
26.6000 o9203 1647.5393 7.4733 5640902 .025709
26.o000 9 1339.2664 70?782 54,6603 o024631
27.0000 o9406 1631,3798 7,0893 5302758 ,023596
27s2000 09508 lo23.8602 6.9068 5109392 s022605
27.4000 ,9611 161696P80 6*7312 50.6528 .021660 4

27,6000 .9714 loOg,8437 6e5626 4904168 .020765
27.e000 09818 1603.3076 6.4014 48.2391 0019918 -3
2800000 .o922 1597s0603 6o2478 47.1154 0019123
Zv,2000 Io0I27 159190U26 6.1019 46.0491 .01817F
2&.4U00 1.0132 1585.3554 50Q640 4540411 0017693
2e.6000 1.02!7 1579.8603 50.340 44.0923 .017039
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JTCG/AS-74-T-O1 G

DISTANCE 0IN) TIME IMSEC) VELOCITY IFTISEC) CAVITY RADIUS (IN) CAVITY COLLAPSE IMSEC) BETA

z88ar~c0 1 n-.10 4 - 1574.5794 5.7121 4 i02 i 8 .016444
29.0000 1.C449 156q.4953 5.5982 42.3726 0C15897
29.2000 1.fl555 1564.5914 5.4923 41.6013 .015397
Z9.0400 1.066Z 155q.8516 5.'942 40 .8679 .014043
*29.elG0 1.0769 1555.2632 5.!03e 40.2313 .014!31
29.8000 l.CbT 1553.,C4W 5.2209 39.6296 .014161
30.0000 1.A984 1:i46.46v3 5.1451 39.0809 ,013?30
30,20C0f 1.109l 1542.2434 5.0762 38.58i9 .013536

30.4000 1.1210 153A.1139 5.0137 3.1328 .013276
30.6000 1.1304 1534.0701 4.9574 37.727' .01304P
30*eO00 1.1417 1530.1023 4.a06. 37.3649 .01249
31.0000 1.1526 1526.2014 4.8614 37.040R .012677
31.2000 1.1636 1522.3592 4.020o 36.7512 .012530
31.4000 1.1?4O 1518.56&1 4.7846 36.4960 .012404
31.6000 1.1.i55 1514.6215 4.7524 36.2688 .01229E
31.F0O0 1.1965 1511.1137 4.7238 36.0674 .0122G9
32.00O 1.2C76 1507.4394 4.6979 35.8889 .012136
32.ZG00 1.21bt 1503.7041 4.6749 35.7303 .012076
32.4000 1.2297 1500.1740 4.e543 35.5888 .012C27
32.9000 1.24C9 1496.5757 4.6356 35.4621 .011988

32.6000 1.2520 1492.9963 4.6186 35.3477 .011957
33.0000 1.263i 1489.4337 4.0030 35.2457 .011934
33.2000 1.2744 1485. 8 8 5q 4.58E5 35.14o2 .011915
33.4000 1.2656 1482.3510 4.5750 35.0596 .011902
33.6000 1.2969 1478.82b1 4.5622 34.9?65 .0118g2
33.P000 1.!0?..2 1475.3161 4.5500 ?4.89?7 .011p8s
34.0000 1.3105 1471.E143 4.*353 34.8223 .011opC
34.2000 1.3308 1466.3219 4.5269 34.7495 .011976
34.4000 1.3422 1464.8387 4.5157 34.6785 .011b74
34.OOO 1.3536 1461.3642 4.5047 34.6089 .011'?3
34.6O00 1.365U 1457.3983 4.4939 34.5404 .011E72
35.0000 1.3764 1454.4407 4.4832 34.4725 .011P72
35.200C 1.*779 1450,9915 4.4725 34.4052 .011872
35.400C 1-.994 1447.5505 4.4619 34.3383 .011071
35.6000 1.4109 1444.1177 4.4513 34.2716 .0lle7l
35.3000 1.6225 1440*6930 4.4407 34.2052 .011871
36.0000 1.4341 1*3792765 4.430' 34.1391 .011871
36.2000 1.4457 1433.6681 4.4197 34.0731 .011o71
36.4000 1.4573 1433.4677 4.4092 !4.0074 .011e71
36.6000 1.4690 1427.0754 4.7987 33.9419 .011871
3t. k000 1.4o07 1423.6911 4.3883 1-.6765 .01i.71
37.0000 1.4Y24 1420.3149 4.!779 33.8114 .011A71
37.2000 1.5041 !1.9467 4.3675 33.7465 .011871
37.4000 1.5159 1413.5Q64 4.3572 ?3.0819 .01171
37.60C0 1.5277 141G.2342 4.t4 6 9  13.617? .011571
37.8000 1.5396 1406.o898 4 .136o !3.5534 .011972

."..OOOO 1.5514 1*03.5533 4.'263 !?.46oS .011!72
36.2000 1.5633 14C0.2246 4.7162 13.4ý67 .011073
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JTCG/AS-74-T01 8

DISTANCE (IN) TIME (MSEC) VELOCITY (PT/SEC) CAVITY RADIUS (IN) CAVITY COLLAPSE (MSEC) BETA u

38.4000 1.5752 1396.9035 4.0061 33.3645 .011874
38.6000 105872 1393.5903 4.2962 33.3033 0011875
38.8000 1.5991 1390.2837 4o2865 13.2437 011178
39.0000 196111 1386.9843 4.2771 33.1860 .011882

3992000 10623i 1383.6913 4.2680 33.1309 011888e
39.4000 1.6352 1380.4042 4.2594 33.0793 .011896
39.6000 1.6473 1377.1221 4.2513 33.0320 .011908
39.8000 1.6594 1373.8440 4*?440 32.9901 0011.924
40.0000 1.6716 137005688 4.2376 32.9548 *0110 5
40.2000 1.6838 1367e2948 4.2323 32.9276 .011972
40.4000 1.6960 1364.0202 4.2282 32.9099 .012006 0
40.6000 1.7082 1360.?4?.P 4.2257 32.9036 .012050
40.-3000 1.7205 1357.4600 4o2250 !2.9105 .012104
41.0000 1,7328 1354,16s8 4o2263 32.9327 .012171
41.2000 1.7451 1350.8657 4,2300 3299721 .012251
41,4000 1.7574 1347.5466 4.2363 33.0310 e012349 Io)

41.6000 1.7698 1344*2070 4.2455 33.1116 .012464
41.8000 1.7822 1340.•420 4.2580 33.2162 012601
42.0000 1.7947' 1337.4458 4.2740 3363469 .012760
42.2000 1Su•71 1334.0122 402930 33.5051 .012945
42.4000 1.8197 1330.5344 4.3178 33.6950 .013159
42060C0 1.8322 1327.0051 4.3460 33.9160 .013402
42.8000 1.9448 1323.4162 4.3788 34.1705 .013679
43.0000 1.o574 1319.7594 4.4163 3404597 .013991
43.2000 1.P700 1316.0254 4.4586 34o7844 .014342
43.4000 1.R827 1312.2041 4.5057 35.1452 .014732
43.6000 1.8954 1308.2877 4o5577 35.5421 s015165 I

43.8000 1.Q982 1304,2635 4.6146 35.9748 .015642

44.0000 1.9210 1300.1217 4.6763 36.,4425 .016165
44s2000 1.9338 1295.8514 %.7425 36.9441 .016735
44.4000 1.9467 1291.4413 4,8130 37.4778 .017355
44.6000 1.o596 1286.8804 4.o876 39.0416 .018024
44o8000 1,9726 1282.1575 4.9660 38.6330 .018744
45.0000 1.9856 1277.2615 5.0477 39.2491 .019515
45,2000 1.9987 1272.1817 5.1323 39.8867 .020336
45.4000 2.0119 1266.9077 5.21Q3 40.5424 .021207
45.6000 2.0250 1261.4294 50.083 41.2125 .022127
45s8000 2.0363 1255.7381 5.398? 41.8930 .023095
46,0000 2.0516 1249,8246 504899 4205797 ,024108

46.2000 2.0649 1243.6814 5o5814 43.2685 .025165 u:
46.4000 2.0784 1237.3017 5.6726 43.9551 .026263
46.6000 2.0919 123096799 5.7629 44o6352 o027398
46.8000 2.1055 1223e8116 5,8517 45.3045 ,028567
47,0000 201191 1216.6934 5.9385 45.9587 .029766
47.2000 2o1Z29 1209.3236 6.0226 46.5937 e030990
47.4000 2.1467 1201.7019 6.1036 47.2055 o032234
4766000 2.1606 1193,8293 601809 47,7901 .033493
47.8000 201746 1185,?085 6,2541 48,3440 o034762
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JTICG/AS-74-T-O18

DISTANCE (IN) TIME (M 'C) VELOCITY (FT/SEC) CAVITY RADIUS IN) CAVITY COLLAPSE (MSEC) BETA

4.00 00 ?.1.LH7 117793437'• *22 098637 .036n34
4 .Z000 ?,202y 1166.7409 6.3F60 49,3460 .907304
48.4000 2,2172 115Q.9075 6.4439 49.7881 .038564
4ý.*U00D 2s2'11 11 -0,*523 6.4960 50.1871 e039910
4ý.ý000 ?e24v2 1140.5060 6.5420 50.5409 .041033
49.00UO 2.?f(19 1132.1205 6.5P15 50.8475 .042228
49e2000 2.2757 1122.4691 6s6144 51.1050 e043388
49.400C es29J9 1112.6466 6*64C4 51.3122 .044505
49,6000 2.3{G5o 1102e668R 6.P5Q5 51.4660 .045575
49,SCCO 2.320• 1092o5527 6e6715 51,5718 .046590
r003000 2,3361 1082.3161 6.6764 51.6230 .047545
50.2000 2.e51 G 1U71.977R 6.6741 51.6218 9048434
5C.40)0 2.9672 1061.5573 6.6647 51.5682 s049251
50.6c00 2.! 3L 1051.0743 6,6483 51.4628 .049991
5C. 1.O 2. 980 104n,.5492 6.'250 51.3065 .050650
91 0COO 2,415U 1030.0026 6,5948 51,1002 e051223

1 .12000 2 .431 I 0 4550 6.5581 50,8452 s0517C8
1,4000 2.4477 110j.9270 6*S150 50.5431 .052100

51. 0- 0 2.4643 99e.47bF 6,4656 5001956 .05239F

51 , 000 2.bt11 98?.cG103 6.4104 4C,8044 o052599
52,i0000 ?. I 977,6609 6e3495 49,3717 .05270!
5 52e000 2.r15 2 967.4099 6,?830 4Rk.8864 o052705
52e4000 2,5325 957,2770 6.2103 40o3790 ,0525c8
52.6000 2.5501 947.2841 6.1315 47.8147 .052349
520i000 2o5677 937.4517 6,n470 47.2063 00519b9
s2.c.r0 2,%5t 927.709n 5,9571 46.5629 ,051r11

I. 2000 2.6037 91$.3442 5,P624 45,8814 e05091E
5 3.4000 ?. I'1 909*1037 5.7631 4591665 .050213

5 ..6000 ?.'-j43 900.0q27 5.6596 44,4212 .049401
53.K;00 2.60' 891.3240 5.5524 43.6463 .0484b7
54.0000 26777? 682,b124 5.4417 4298507 o047476
34.2f2)0 A.ý 6? 674.565? 5, 281 42.0301 .046!76
5i.4 40V0 2.715: b66.5942 5.2117 41*1900 .045192

7 54.'C0J 2.1ý 6 5'9051 5,C929 40.3326 o043032
54.•C)0 2.254• - 51.5047 4eC721 39.4601 e042603

;5,J•0 2.774! o44.3q75 4,..495 3•,5749 .041213
r5. 0 0 27941 637.5069 4o'254 37o6787 .0 3977C
S5.•4J. DO - 141 c31,l 747 4s6002 35.7741 .038263

25.G00.• 3. 4 . 624,5615 4.4740 35.8626 o036759
•5.LCC0 ?. 4 01309465 4,*471 !4o9463 .035207

5'•.CC C. 749 613.321; 4.2.06 '4,0260 .033635

5 Z 0) 0 2.95 6 09- 0C 3 2 4 .ý92' •33.1060 ,032LI51

5t,4000 l b02.967Q 3. 64b 32o1I52 .070463
6. J0 ?. ý3 7; Z2169 323 75 31.2662 ,026A79

56. 00Q 2 .557 c 793,744? 3.'106 30,3504 .027306
5 7. C-900 2 7 789.5446 3.5843 20.4392 .025750
57.2U000 .%Q01 7R5.t093 3.45 2?.5340 .0?4?20
574. C00 ¾0OlI. ? 71 0 3,e343 27.6 37 ,022 ?i
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JTCG/AS-74-T-O1 8

DISTANCE (IN) TIME IMSEC) VELOCITY (PT/SIC) CAVITY RADIUS 4IN) CAVITY COLLAPSE IMSEC) BETA

5 7.6000 3 f 4 2~ 77R*49SR 3.2110 26.7474 .021257
57*6000 *.'64.2 775*3061 1.0991 25.986$ #019836
08.*Coco .f 5c M*e3429 2*0617 25.0015 o018461
reh*2CQ0 I IC-74 769*5085 2,F500 74.1471 o017136
54.4000 !.1201 767*OQi9 2.7-335 2303070 e015865

0~6oo0 ?01 sce 764*7257 2.6196 22*4!k4 .014651
5S5h60C0 '3.1727 762.5762 2e506.S 21*6747 .013497
5990000 1*1945 760).6037 2*1964 20.8853 .012403
!902000 !-.2165 75PI07975 242892 200115? .011372
59.40CC !o23ý.5 757.1470 2*IF4ý 19.3672 e0104040
59.6000 .?t,05 755o6415 2.0835 18.6413 .009499
$9.GOOO0 !02626 754.2708 1 oQ854 17.9395 oOO8657

63.CCOO 3 04 7 75!.0246 lo.~90& 17.2631 000797e

0
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JTCG/AS-74-T-018

PRESSURE CALCULATED AT POINT

X = 36.00 (IN) Y " 30.00 (IN) Z " 6.00 (IN)

SOURCE COORDINATES

x w xo Yo zo x1 Yw zi

* -6.000 5.701 3j-500 31.500 .000 30.50) '1*.500 -60.000 -I*
2 6.0t0 5.7,1 30.5ý0 31.5-0 .*0'0 30.5V0' "1.50 60.000 1.

37



JTCGIAS-74-T-O1 8

T (MSEC) P (PSI) WPIl U (FT/SEQ UX UY UZ u.

012b .000 .000 sCO .00, 0 COD30 01 0000
913? .000 @coo *COO .000 .030 6000
.ISO 174.856 174.99J8 2.782 4.*018 A.5 .3
.162 181.646 181.714 3.188 2.514 -.686 1.836
.175 166.076 186.164 3.611 3*02 7 -.826 1.*787 U -

.187 188.061 1860171 4.042 3.546 -.967 1.683
9200 187.667 187.8C2 '4.472 4.056 -1.106 1.525
0212 185.099 1&~b*260. 4.894 4.547 -1.240 10317
a225 160*691 180.880 5.301 5.009 -1.366 1o067
*237 174.801 M0~019 Botes 5o435 -1&482 .785

.250 167.852 168.oJ9s 6.C54 5.822 -1.588 *481 Cu

.262 160.191 1609467 6.396 6.168 -1.682 9165

.275 152.146 152o449 6*713 6.475 -1@766 -.157

.287 143*988 144.318 7 #C07 6.745 -1.839 -@477

.300 135.941 136 *297 7*279 6.981 l.*904i .790
o312 128.203 128*584 7o53C 7.188 -19960 -1.*094
.325 1Z'C.950 121.355 7*765 7o371 -2.010 -1.386 0)

.337 114.347 114.776 7,985 7.534 -2.055 -1.667
*35iQ 108.543 108.995 8*196 7. 6814 -2*C96 -1.937
.-362 103.763 104.236 8 *403 7.825 -2.134 -2.198
.375 100.104 lCW.602 8 060~ 7.961 -2.171 -2o454 4

o387 97.633 98.156 8.619 8.097 -2.208 -2.707
.400 96.603 97.153 9 sC37 8.237 -2.246 -2*962 C)
.412 96.090LO 97*485 9.266 8.382 -2@286 -3.222
.425 98.606 99*214 9.508 8.5 33 -2o327 -3.488
*437- 101.670 102 a3 1 9*765 8.692 -2.371 -3 *765
.45C 105.905 106.583 10.C37 8.858 -20416 -4.054
9462 111.296 112.013 10.324 90031 -2*463 -4s355
.475 117*520 116.279 10.625 9*207 -2.511 -4.669 0
.487 124.522 125.327 10.938 9.388 -2.560 -4o997

c r; f 131*974 132@827 l1.;62 9.569 -2.610 -5.336
.512 1399757 140.662' 11.596 9,75U -2*659 -5.686
0b25 147o632 146.591 11.936 9.928 -2.708 -6.047
9537 15S.381 156.395 12.282 10.103 -29755 -6o417
*SSE 1b2o890 163.964 12o631 10.273 -2.802 -6.794 C)
.562 169.902 171*Cý '42.a9b62 10.l436 -2.846 -7*179
e575 176.324 17#7*52C 13,!34 13.591 -2.868 -10568
.587 16 2.e0l13 183o273 13*664 10*737 -2e928 -7.962
.6cc 1860811 188.135 14.03? 10.874 -2.966 -8.358
.612 19C.654 192oC44 14-376 11.001 -3.000 -80755
e625 193.522 194.979 14 , 716- 11.117 -3.032 -9*152
.637 195.251 196*774 15eC49 11.223 -3.*061 -9.547
.65L 195.917 197.507 15.375 11.318 -3.o 0837 -9.938
.662 19S5.550 197*aC7 is5. 9! 11.402 -3.110 -10.325

o675 193*998 195972U 16.CLý2 11.475 -3.130 -13 97 C,4
.687 191.456 193.244 16.301 11.539 -3.147 -11.076
o7!o 167.977 189o82e 16659C 11.593 -3@162 -11.438
.712 183,448 185*361 16.866 11.637 -3.174 -11.789
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JTCG/AS-74-T-01 8

T WMBE) !(PI) FPPHI U IFTISEC) UX UY UZ

9725 178.102 180.076 17.131 11.672 -3.183 -12.128

0737 172.015 1711.048 17.3811 11.700 -3:191 -12.1155
?S50 165.169 167.259 17.6211 11.720 3.9 -12,769

e) 762 157.713 159.856 17:851 11.732 -3.200 -13.068

.775 1119.774 11969 is .r6 5 11.739 -3.202 -13.353

.787 141.1445 '154.6 90 18.267 11.741 -3.202 -13.623

e.b00 132o7441 135.035 18.455 11.737 -3.201 -13.877

0812 123.826 126.161 18630 11.729 -3&199 -111.117
e825 1111.811 1170187 118. 79 3 11.718 -3.1,96 -14.3411

O 837 1050777 108.191 18.944 11.104 -3.192 -111.550

.85SG 960778 99.228 19OC83 11.687 -3.187 -111.7111

0862 87.878 9 0.&3160 19 *209 11.669 -3.182 -14.923
o.b75 79*207 81.719 19.324 116119 .3.177 -15*087
.687 70.791 73.330 19,428 '1'1.:626I -3.171 -1.5.237
.900 62*678 65.2e 19.5Z2 11.606 -3.165 -15.3711

C) 912 54.951 57.537 19e605 11585 -3.159 -150498

.925 117.619 50.e224 19.*679 '1156 3 -3.153 -15*608

.937 4C9708 113.330 19 743 119541 -3*1118 -15.707
o.95C 34.271 3bo909 19.8UC 11.52L -3.1112 -15*795
e962 28*352 31002 19.849 11O50 -3*136 -15.872
.975 22.917 25.579 19.891 11.14 80 -3.131 -15.939

e 987 17.947 20.618 19.926 11461 -3.126 -15.997
I1&000 13.1428 16.106 190955 11.114 43 -3.121 -16.047

1.012 9.350 129034 19.977 11.426 -3.116 -16*088

1.025 51719 8.408 19.:99 4 11.41L -3.112 -16.122
1.037 2.479 5.171 20.tL16 11.394 -3.108 -16.1118
1.050 -.393 2*301 20.014 1138U -3.104 -16*169

0 1.062 -2*921 -.225 20.017 11.I :366b -3.100 -16*183

1.0G7 5 -5.128 -2.433 20.016 11.352 -3.096 -16.193

1.0U87 -7.038 -4.344 20.012 11.339 -3.093 -16e197

1.100 -8.665 -5&973 20.0U5 11.321 -3.o08 9 -16.198

1.112 -1(1.018 -7e359 19.995 11.315 -3.086 -16.194

1.125 -11.215 -8.529 19.983 11.304 -3.083 -16*188

o1.137 -12.204 -9.521 19.969 11.Z93 -3.080 -16.179

1.150 -13.038 -10.360 19.954 11.283 -3.077 -16.167
1.162 -13*733 -11.059 199937 11.272 -3.0711 -16.154

1.175 -14.302 -11.633 19.919 11.262 -3.072 -16*1410

1.*18 7 -140758 -12.o0 9 4 19.*900 11.253 -3.e0t69 -16.124

1.e203 -15.113 -12.454 19 *ad1 119243 -3.066 -16.107

o1.212 -15.377 -12.724 19 e86C 119233 -3.0611 -16.089
1.225 -15*560 -12*912 19.840 11.224 -3.a0O61 -16.071

1*237 -150670 -13.028 19.819 11.215 -3.059 -16.052

1.250 -15.716 -13e080 19.798 11.206 -3.056 -16.032
1.262 -15.704 -13.073 19o776 11.197 -3*0511 -16*C13

1.275 -15o640 -13.015 19e755 11.188 -3.051 -15.993

o) 1*287 -15.529 -1209P9 19.734 11.179 -3.0119 -15.974
103co -15.376 -12.762 190713 11.171 -3.0117 -15.954
1.312 -15.184 -12,.575 19.692 11.162 -3.0414 -15.935
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JTCG/AS-74-T-O1 8

T (Mdc) P OPN) PPHI U (FTISEC) UX UY UZ

1.325 -14.958 -12.354 19.672 11615'( -3.042 -15.916

1,337 -14.700 -12*102 19.652 119145 -3.040 -15.898

1.550 -14.412 -11.820 19.632 11.137 -3.037 -15066C

1.362 -14.094 -11.506 19.613 119129 -3.035 -15.862

1.375 -13.753 -11.17G 19.595 11.121 -3.033 -15*645u
1.387 -13.390 -10.812 19,571 11.113 -3.031 -15.829

1.400 -13.009 -10.436 19.5S59 11.105 -3.029 -15.814

16*12 -129611 -l.0.012 19.542 11.097 -3.026 -15.799

1.425 -12.198 -99634 19.526 11.089 -3.024 -15.784

1.437 -11.773 -9.213 19.510 110081 -3.022 -15.771

1,450 -11.338 -8.782 190495 11.073 -3.020 -15o758
1.462 '"10.895 -8.342 19.481 11.066 -3.018 -15.746

1.475 -10.446 -7o897 19.467 11.058 -3.016 -150735
1.487 -90993 -7.444 19'4.34 110050 -3e014 -15e724

1.500 -90530 -6.988 19.441 11.043 -3.012 -15.715

400



JTCG/AS-74-T-018

PRESSURE CALCULATED AT POINT

X -X3 00 (IN) Y 30.10 (IN) Z" 12.00 (IN)

SOURCE COORDINATES

x w XO YO zo X1 YI Z I

1 -12.000 5.?01 30.500 31.500 .*00 30.500 31.500 -60.000 -1e
2 12.000 5.701 30.500 31.500 .000 30.500 31.500 60.000 W-
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4,w,

JTCG/AS-74-T-01 8

TMW p (PSI) PPI4I U (FT/SEC) UX UY UZ

2 212 ,0000 ,. CO .0 *00Go .00 ,000 0.00
.225 *COO •000c $Coo .OOL 000 *Cor
".37 157,084 157.125 2.451 .. 109 -0303 2.164
025s 167.330 167.382 2.765 1.355 -. 370 2.381
.262 177.586 177.651 3.1C5 1.635 .446 2.602
.275 187e667 187.748 3e472 1.952 -,532 2.822 i
.287 197.336 197.436 3*863 2.308 -. 629 3.033
.0C 21.6.304 206*427 4.275 2*703 -. 737 3.229
e 312 214.241 214.39C 47O.4 3.136 -. 855 3.AO4
o325 22C.809 Z20.987 5*144 3.604 -.983 3.536
9337 225.809 226.020 5.591 4.103 -1.119 3.630 u
•350 229.457 229.7*03 6.046 4.629 -1.262 3.678
0362 232.662 232.947 6.518 5.187 -1.415 3.685
.375 336.858 237.190 7.*C9 5.791 -1.579 3.657
.387 243.819 244.208 7.604 6.461 -1.762 3.600
.400 254.660 255.119 8.263 7.217 -1.968 3.510
•412 269.621 27C.167 9.C13 8.063 -2.199 3.373
e.25 288.424 289.477 9.853 8.999 -2.454 3.177 2
.437 309.721 31U,500 10.767 10.001' -2.728 2.903
.450 332.152 333.o78 11.732 11.C49 -3.013 2.544
.462 354.533 355.623 12.729 12.112 -3.303 2.099
.475 375.892 377.161 13.739 13.168 -3.591 1.571
.487 395.519 396.9P2 14.747 14.197 -3.872 .972 u
.*o0 412.958 414.625 15.741 15.18i -4.141 .314
0512 4270957 429.834 16.7037 16.114 -4.395 -,390
.525 440*418 442.51. 17.642 16.985 -4.632 -1.126
.537 450.287 452.598 18.538 17.792 -4.852 "1.880
.5503 457.638 460.167 19.391 18.533 -5.e054 -2.642
.562 462.575 465o320 20.]99 19.209 -5.239 -3.402 o i
•575 465.124 468.079 40.959 19*8211 -5.4u5 -4.149
.587 465.570 468.729 21.672 20*371 -5.556 -4,880
.600 463.817 467.172 22.334 20.863 -5.690 -5.586 1
9612 46C.281 463.624 22.951 21.301 -5.809 -6.265
.425 454.787 458.508 23.518 21.687 -5.915 -6.913
o637 447.778 451.666 24.042 22.026 -6.008 -7.530 -

.650 439.149 443.193 24.r2 22.324 -6.088 -8.112

.662 429.159 433.349 24.958 22.582 -6.159 -8.662

.675 417.973 422.298 25.357 22.804 -6.219 -9.180

.687 405.532 409.981 25.718 22.993 -6.271 -9.666

.700 392.154 396.718 26.C46 23.154 -6.315 -10.121

.712 377.942 382.610 26.343 23.289 -6.351 -10.5498

.725 362.881 367.645 26.61; 23.40C -6,.382 -10*946

.737 347.244 352.094 26.852 23.49L -6.406 -11.322

.750 331.167 336*096 27.*70 23.563 -6.426 -11.673

.762 314.661 319.662 27.266 23.620 -6.442 -12.002

.775 297.885 302.951 27.443 23.663 -6.454 -12.310

.787 281.003 286.128 27.6W3 23.694 -6.462 -12.599

.801 264.085 269.264 27.747 23.715 -6.468 -12.871
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JTCG/AS-74-T-018

T (M5EC) P (PSI) PPHI U (FT/SEC) UX UY UZ

e812 247.225 252*452 27,.78 23.727 -6*971 -13.126
e825 230.182 235.754 27.995 23.731 -6o472 -13.366
.837 213o982 219.294 28*12 23.729 -6.472 -13.592
*850 197.840 203.189 28.200 23o723 -6.470 -13.806
* 662 182*13R 187.522 28$290 23.712 -6&467 -14008
*e75 166.913 172,328 28.372 23.698 -6.463 -14.199
.887 152s204 157s648 28.448 23*692 -60459 -14.380
.900 1380C42 143.513 28.519 23.663 -60454 -14.550
.912 124.456 129.951 20.583 23.643 -6.418 -14,711
.925 111*488 117,CC6 26.643 23,622 -6.192 -14.863
**937 99.141 104*681 28.697 23o60G -6.436 -15.005
.95c, 87.429 92.988 28.748 231578 -6.130 -15.138
.962 76o383 81.960 28.793 23.556 -6*424 -15.262
e975 66.002 71s595 28.835 23.533 -6.418 -15.377
,987 56*274 61.882 28o873 23.511 -6o112 -15.484

1.000 47.198 52.819 28,S06 23.,89 -6.406 -15,582
O1.12 38.809 44o441 28.536 23.468 -6.400 -15.672

1.025 31.054 36.697 28.563 23.447 -6.395 -15.754
1.037 23o920 29o572 28.586 23.427 -6.389 -15.828
1.0so 17.389 23.049 29.CO6 23.407 -6.384 -15.895
1,162 11.483 17e149 29.022 23,389 -6.379 -15.95S
1,O75 6.135 11.806 29.C36 23.371 -6.374 -169008
10C87 1.322 6.997 29.C47 23M354 -6.369 -16.054
10100 -2o984 2.694 29*C55 23o337 -6.365 -16.094
1.11? -6.800 -10119 29.06C 23o322 -6o360 -16.129
1.125 -1C,146 -4.464 29,064 23.307 -6*356 -16.156
1.137 -13.072 -7o390 29.C65 23,293 -6.353 -16.182
1.150 -15.608 -9,926 29.C64 23.279 -6.349 -16.202
1.162 -17.782 -12.101 29*C62 23.266 -6.345 -16,218
1.175 -19.621 -13,942 290C58 23.253 -6.342 -1,i.230
1.187 -21.150 -15.473 29*052 23.241 -6.339 -16,239
10200 -22,389 -16.714 29.045 23.23C -6*335 -16o244
1.212 -23.373 -17.701 291.C8 23.219 -6.332 -16.248
1.225 -24.125 -18.647 29,C29 23.208 -6.329 -16o249
1.237 -24.685 -19.C2U 29oC20 23.198 -6.327 -16,248
162S0 -25.076 -19.415 29.C11 23.188 -b.324 -16.247
1.262 -25.316 -19.658 29eCC1 23.178 -6.321 -16.244
1.275 -25.417 -19.764 28.991 23*168 '-6*319 -169241
1.287 -25.395 -19.745 28.98C 23.159 -6.316 -16.236
1.300 -25.261 -19.616 28.57C 23.150 -6e314 -16,232
1.312 -25.028 -19,3R6 286,60 23.141 "6.311 -16,227
1.325 -24.705 -19.068 28.S49 23.133 -6*309 -16.222
1@337 -24.304 -18.67Q 28.539 23.124 -6,,307 -16.217
1.350 -23.833 -18.204 28.529 23.116 -6.304 -16.211
1.362 -23.300 -17.675 28.S19 23.108 -6.302 -16.207
1.375 -22,706 -17.086 28.51C 23@10U -6.300 -16.202
1.387 -22.070 -16*452 28.501 23.092 -6.298 -16,19801400 -21.395 -157?0 28e892 23.084 -6.296 -L6.194
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JTCG/AS-74-T-O1 8

TImIEC P (PSI) PtHI U (FTSINC) UX UY UZ

1.412 -2f1h684 -15.Z077 28.*883 23.076 "6.293 -160190
1.425 -19.957 -14e349 28.874 23.068 -6.291 -16.187
1.437 -19.206 -13.601 28o866 23.061 -60289 -16.184
1.450 -18e442 -12o84U 28.858 23.053 -6.287 -16.181
1.462 -17*670 -12.071 28.850 23.045 -6.285 -16.179
1.475 -16.893 -11.297 28.843 23 03 8 -6.283 -16e177
1.487 -16*113 -10,.52C 28.836 23e03U -6.281 -169176I
I e CLO -15.338 -9.747 28.829 23.022 -6.279 -16e175

TOTAL IMPULSE £PSI-MSEC) 212.7828846

C>
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JTCG/AS-74-T-O1 8

P74ESSURE CALCULATED AT POINT

X 39.00 ON) Y 30.00 OIN) Z 18.00 (IN)4

SOURCE COORDINATES

x w X0 Yo zo X1 vi zi

1-13.000 !,701 300.500 ~11.5C0 s000 50.501 ~11500 -60.,000-.
*2 1860,101 5,70 1 300500 31.5 00 *GOO 3fl.5jo 31.500 60.000 1

454



JTCG/AS-74-T-0 18

T (MSEC) P IPSI) PPHI U (FTISEC) UX UY UZ

.3co .,o0 .oCD .coc .000 .000 .000
0314 .000 .000 .COa .000 .000 .000
0325 116.488 116.510 12797 .538 -.147 1.708
.337 123.179 123.205 1.974 *632 -. 172 1.862
.350 130.220 '630.252 2o167 .737 -. 201 2.028
*362 137.623 137.661 2,. 76 .857 -.234 2e204
.375 145.391 1459436 2.604 .994 -9271 2.392
*387 153.517 153.572 2.851 1.148 -. 313 2.590
.400 161r'78 162*044 3*118 10325 -o361 2.800
*412 170. '57 170.835 3 o34 1,526 -"416 3.019
.425 18C,090 180.183 3.725 1*756 -.479 3.251
.437 191.230 191e343 4.C92 2.030 -.554 3.510
.450 207,342 207*482 4 *.!62 2.381 ".649 3.836
e462 233*527 233.710 5.222 2-868 -"782 4.293
.475 274e958 275*214 6.169 3.569 -. 973 4.937
.487 33q,00S 334.38C 7.465 49553 -1.242 5,784
.500 409.284 409.843 9.118 5.866 -10600 6o795
.512 49!.191 496.C16 11.C72 7.510 -2.048 7.874
.525 584.979 586.159 13,246 90453 -2*578 8*914
.537 671.379 673.003 15.541 11,631 -3.172 9.807
.550 748.292 750.438 17.861 13.960 -3.807 10.l472
*562 811s272 S13.996 20.125 16.347 -4.458 10.859
0575 858,027 661,363 22,272 18,707 -5.102 100957
.587 888.338 892.299 24.266 20,972 -5720 10.784
.60D 903.043 907.619 26.C83 23o086 -6@296 10.377
S612 903.993 909.161 270717 25.018 -6o823 9.787
.625 893*677 899.402 29.175 26,754 -7*297 9.062
,637 874.435 880.679 30.465 28.29; "7.716 8*249
.650 848.480 855.198 31.6f.2 29.644 -8.085 7,389
.662 817.621 824,770 32o599 30.816 -8.404 6.513
,675 783o489 791.025 33.e71 31,829 -8,681 5.646
e687 747.•489 755.372 34.233 32,70L -8.918 4.802
.70L 710.*471 718.662 34.896 33.445 -9.121 3.996
.712 673.246 681*711 35.474 34.081 -9.295 3,234
*725 636.346 645.953 35.976 34.623 -9.443 2.519
"• 7P 7 600.191 609.110 36.412 35.084 -9.568 1*852
". 7;0 564.974 574.080 36.791 35.475 -9.675 1.233
.762 530.934 540.203 37.12C 35.806 -9.765 .660
77"5 498.241 507.653 37 *4.Z6 36.088 -9.842 ,130

,7117 466.985 476.524 37.656 36,328 -9.908 -"362
.800 437,155 446.804 37.876 36o532 -9.963 -. 818
.812 408.704 418.452 38.C67 36.706 -10.011 -1.242

.825 381.554 391.388 38.235 36.85b 4 -10.051 -1.636
.837 355,661 365.671 38.363 36,98! -10.085 -2.004e
.850 33C.967 34U,944 38.511 37.085 -100114 -2.347
0862 307.383 317.41 38.624 37.174 -100138 -2,669
.1875 284.879 t94.965 38.723 37.248 -10.159 -2.971
.887 26.*416 273.548 38.809 37.310 -10.175 -3.255
,910 242.935 ,53.IU6 38.885 37.360 -10.189 -3o522
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JTCG/AS-74-T-Ol 8

T (MSEC) P (PSI) PPHI U (FT/SEC) UX UY UZ

.912 22.*413 233.616 38.*51 37*402 -10.200 -3.774
.925 264.810 ZlSU46 39.0C9 37.435 -10.210 -4.012
.937 1876083 197.346 39.CuC 37.461 -10.217 -4*237
*95L 17',209 18 .495 39*135 37,48i -10.222 -4.40S
.962 154*17V 164.476 39.144 37.497 -10.226 -4.652
,975 138*940 149o265 39.178 37.508 -10.229 -4.843
.987 124.503 134.844 39.2J8 37.515 -10.231 -5.024

1 00O 110.843 121.198 39o234 37s519 -10s232 -5.195
1.ulz 97.943 108.31o 39*25. 37.520 -10.233 -5.357
1,.25 85u803 9o.181 39,27E 371519 -109232 -5e510
1.C37 74.397 84.784 39.296 37.517 -10.232 -5.654
10 C50 630710 74 *105 39*311 37,512 -10s231 -,50790.

1.L62 53.747 64.149 39.325 37.507 -10.229 -5.917
1.075 440488 54.897 39.337 37a501 -10.228 -6.037
19U87 35.907 46.322 39.348 37.495 -10.226 -6.148
1.oI0 27.989 38.408 39.357 37.488 -10*224 -6.253
1.112 ZC,75O 31o174 39.365 37e481 -10.222 -6.349
1.125 14.139 24.566 39.372 37o473 -10e220 -6.439
1.137 8.133 18.564 39.378 37*466 -10.218 -6,522
1.1sU 2.712 13*145 39.384 37e459 -10.216 -6.598
1,162 -2.119 8.317 39.388 37.452 -10.214 -6,668
1.175 -6.413 4&026 39.392 37o445 -100212 -6.733
19187 -10C199 96'41 39.396 37.439 -10.211 -6.791
1.200 -13.497 -3.o55 39.399 37.433 -10.209 -6o845`
1.212 -16.337 -5.693 39.4U2 37e427 -10,2C7 -6.895

1.225 -16,734 -8.289 39.4aT5 37.422 -10.206 -6.939
19237 -20.741 -10.295 39.40j7 37.417 -10.2G5 -6.980
1.250 -22.385 -11,938 39e 4ý9 379413 -10423 -7.017
1.262 -23.697 -13oZ49 39.41C 37.408 -1C.207 -7.05r
1.275 -249703 -14.255 39.412 37.404 -1Co2C1 -7.U81

1.287 -25.432 -14.9l3 39.413 37.401 -10.200 -7.108
1.300 -25.902 -15.452 39.414 371397 -10v199 -7.134
1.312 -A6.14'8 -15,b98 39.415 37.394 -10.198 -7.157
1.325 -26.20n -15.750 39.416 37.391 -10e198 -7.178
1.337 -26.092 -15.641 39.416 37.388 -10.197 -7.198

0e 1,35 -25.839 -15,328 39.417 37.385 -10.196 -7o217
1.362 -25.471 -15.U19 39.417 37.382 -10.195 -7.234
1.375 -25.003 -14e551 39,417 37.379 -10.194 -7.251
1.387 -24.450 -13*999 39.417 37.377 -10.194 -7.267
1.400 -23.828 -13.376 39.417 37.374 -10.193 -7.282
1•412 -23.1o48 -12.697 39.417 37.371 -10s192 -7.296
19425 -22,423 -11,972 39.416 37.367 -10.191 -7.310
19437 -21.663 -11.213 39.415 37.364 -10.190 -7,324
1.450 -20.878 -li.429 39.414 379361 -10.189 -7.337
1.462 -20.C73 -9.624 39.413 37.357 -10.188 -7.349
1*475 -19.259 -8.811 39.411 37.353 -10.187 -7.361
1.487 -18.444 -7.997 39,4U9 37o349 -10,lb6 -7.373
1,500 -17.633 -7.186 39.a4U7 37.345 -10.185 -7,385

TOTAL IMPULSE (PSI-MSEC) : 297,114U86?
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PRESSURE CALCULATED AT POINT,

X * 36.00 (IN) Y - 30.00 (IN) Z * 24.00 (IN)

SOURCE COORDINATES .

x w X0 Y0 zo X1 Yl Zi

-24.000 5.701 30.500 31.500 .000 30.5U0 31.500 -60.000 -1.
2 24.0t'C 5.?01 30.500 31.500 .U00 30.5 0 31.500 60.000 1.

U,

*1

o
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T (MSEC) P (PSI) PPHI U (FT/SEC) UX jY UZ

o4CU .000 .00aU .0 c0 .0COu ,000 oO00
.412 .0ool oLVU ocLC .0COO 0000 6000
.425 92.821 92.835 1.426 .328 -. 089 1.385
o437 97.086 97.1C2 1.536 .372 -. 101 1.487
.450 1.I 0o580 101.599 1.654 .421 -o115 1.596
9462 106.321 IC6,342 1I7 2 *476 -. 130 1.712
o475 111.326 111.351 1.919 .538 .e147 1.836
.487 116.615 116.643 ?,C67 .606 -o165 1.969
.500 122.206 122.239 2.227 ,683 -. 186 2.111
•512 128.191 128.230 2.400 .769 -. 21C 2.264
o525 135e192 135.233 2.59e .870 -. 237 2.436
.537 145*439 145.494 2.e56 o999 -. 272 2*661
.55C 163.497 163,566 3.248 1e186 -. 323 3.006
.562 195.562 195.b61 3.878 1.478 W'403 3*562
o575 246.768 246.925 4 839 1.928 -. 526 4.407
o587 317*923 318.176 6.163 2.573 -. 702 5.556
q bC'U 40E.709 406•120 7E2 4 3.431 -. 936 69969
*b12 503.819 5U4,458 9.74?7 4497 -1.227 8.560
.625 6U.4292 605,233 116,29 5.747 -1.567 1U219
.637 698.836 700.146 13.95S 7.137 -1.947 11.632
o 6;U 760,509 782.236 16.C21 8.616 -2,350 13o301
.662 844.799 846.967 17.953 10.134 -2.764 14o560
.675 889.906 892,520 19.711 11o648 -3.177 15.581
ob87 916.163 919.209 21o261 13.128 -3,58fl 16362
.700 925.642 929.10 22.673 14.557 -3.970 16.924
.712 921.298 925.144 23.911 15.926 -4o344 17.297
.725 905.795 910,004 25,015 17.233 -4.700 17.512
.737 882.114 686.6b4 26.0Q9 13.478 -5.039 17,597
• 750 852*231 657.101 26.9C7 19.656 -5.361 17*576
.762 618e238 6239410 27.727 20.772 -5.665 17,470
.775 781.732 787.187 28.478 21.827 -59953 17o295
.787 744.189 749,914 29.174 22.826 -6-225 17o068
0 erc 706.326 712a307 29a818 23.768 -6.482 160798
.812 668e679 674.901 30e413 24o652 -6.723 16.495
.825 631.564 6!8,011 30.959 25o475 -6.948 16,163
*837 595.262 601.919 31.458 26.238 -7,156 15,809
S85U 560.042 566.892 31.912 26.943 -7.348 15,442
.862 525.922 532.949 32.221 27.588 -7.524 15.065
.875 49!*135 500.324 32.69C 28.178 -7.685 14e683
o887 461.619 468.953 33.019 289714 -7.831 14.300

s 9.0U 431.377 438.641 33.311 29.198 -7.963 13.918
.912 402.608 41u.189 33.571 29,636 -8.082 13.543
o925 375.C96 382.o8 33.799 30.029 -8.190 13o175
.93T 348o854 356.629 33.998 30.381 -8.286 120815
c 950 323.897 3319752 34e171 3U.695 -8.371 12.466
o %62 3L.:C23C 308.1o4 34.322 30.977 -8.44P 12o128
.975 277.741 285.726 34.453 31*227 -8o517 11.802
.987 256.409 264o445 34. 564 31.45C -8.577 11.489
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T WMSEC) P (PSI) PPHI U IFT/SEC) ux UY uz A)

1.oo0 236.181 244.262 34.66C 31.649 -8,631 11.187
1.012 217.028 225.1o46 34o740 31.825 -8.679 10.898 k

1.025 198.923 207.073 34s809 31.981 -8.722 10.620
1.037 181.821 189.999 34.867 32.120 -8.760 10.355
1,CSO 165.696 173.897 34.915 329245 o8.794 109101 Q
1.062 15C.529 158.749 34.956 32.356 -8.824 9.858
1.075 136.266 144.501 34.990 32.455 -8.851 9.626
ida87 122.879 131.128 35.019 32.544 '8*876 9.404
1.100 110.342 118.602 35.042 32.624 -8.897 9.192
1.112 98.625 106.894 35.062 32.696 -8.917 8.990
1.125 879715 95.992 35.C78 32.761 -8o935 8.797 U

1.137 77o577 85.861 35. @92 32.820 -8.951 8.612
1,1o0 68.184 76.473 35.104 32.874 -8.966 8.437
1,162 59.521 67.815 35.114 32.924 -8.979 89270
1.175 51.566 59.665 35,123 32.969 -8.992 8*111
1.187 44.281 52.583 35.131 33.012 -9.003 7.960
1.200 37.637 45.942 35.138 33.051 -9.l14 7.816 U.)
1.212 31s630 39.939 35.145 33.087 -9.024 7.680
1.225 26.224 34.536 35.1L2 33.122 -9.033 7.551
"1.237 21.377 29.692 35.159 33.154 -9.042 7.429
1.250 17.056 25.374 35.165 33.184 -9.050 7.313
1.262 13.249 21.570 35.172 33.213 -9.058 7.204
1.275 9s914 18.239 35.178 33.240 -9.065 7.101 U
1.287 7.011 15.339 35.185 33.266 -9.072 7.004
1,300 40508 12.838 35,191 33.290 -9.079 6.912
1.312 2o373 lu.707 35.198 33.313 -9.085 6.825
1.325 .593 6.93lj 35.204 33.334 -9*091 6.744
1.337 -. 877 7.462 35.210 33o355 -9.097 6.668
1.350 -2.071 6.272 35.216 33.374 -9.102 6.596 C)
1.362 -3.015 5.330 35.222 33.392 -90107 6.528
1.375 -3.737 4.611 35.228 33,410 -9.112 6*465
1.387 -4.259 4.091 35.233 33.426 -9.116 6.405
1.400 -4.601 3.752 35,239 33.441 -9.120 6.3498
1.412 -4.788 3.567 35,24., 33.455 -9.124 6.295
1.425 -4.848 3.509 35,243 33.468 -9.128 6.245
1o437 -4.810 3.550 35,252 33.480 -9.131 6.197
1.450 -4@692 3.669 35.255 33.491 -9.134 6.152
1*462 -4.508 3od54 35.258 33o501 -9o137 6.109
1.475 -4.269 4.o094 35.26C 33.511 -9.139 6.068
1o487 -3.987 4.379 35.262 33.519 -r*142 6.029
1. SO -3.668 4.696 35.264 339527 -9ol44 5.991

TOTAL IMPULSE (PSI-MSEC) 3LC,51ZLJ926
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- PRESSURE CALCULATED AT POINT

X M6OD (IN) Y X00 (IN) Z 30.00 IIN)

SOURCE COORDINATES

x IN Xo Yo zo X1 vi zi

1 -30.0cO 5.701 30.5.)0 31.500 .0G• 30.5,0 31.500 -60.000 -1.
2 30.00C 5.701 30.500 31.500 .000 30.50 31.51O 60e000 1.
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T (MS5C| p (PSI) PPHI U (FT/SEC) ux UY uz

0500 .cO0 .000 .COO .000 .000 .000
*512 .000 .000 400)0 ,000 *0oo .000
*525 76.128 76.137 1.166 .216 ".059 1.144
.537 78.944 78.95/4 1a138 .239 -. 065 1.213
.550 81.896 81.9f38 1.315 .265 W.072 1.286
e562 894994 85.008 1.397 .293 -. 080 1364
.575 88.250 88.265 1.485 o324 -. 088 1.446
0587 91.676 91.692 1.578 *358 -. 098 1.533
o600 95.286 95.305 1.677 .395 .108 1.626
&612 99.189 99.210 1.785 .437 W.119 1.726
e625 104.069 104.093 1.912 0486 -. 132 1.844 Q)
*637 112.172 112.202 2.093 .SS1 ".150 2.014
*650 127.751 127.790 2.e97 *653 -. 178 2.299
.662 156.203 156.260 2.910 .82U ".224 2.784
e675 200.708 200.800 3.692 1.076 -. 293 3.519
.687 260.814 260.965 4.746 1.434 -.391 4.507
.700 332.608 332.852 6.025 1.892 a.516 5.697 y
.712 409.727 410.100 7.442 2.432 ".663 7.002
*725 484.861 485.393 8.894 3.029 ".826 8.321
.737 551.091 55106C1 10.276 3.647 -. 995 9.555
.750 603.449 604e340 11.510 4.255 -1.160 10.632
.762 639.628 640.689 12.555 4.829 -1.317 11.514
e775 659.736 660o944 13,401 5.355 -1.460 12.197 u
.787 665.930 667.262 l4.C71 5.830 -1.590 12.707
.800 661.122 662.556 14.60C 6.261 -1.708 13.079
.812 648.238 649.756 15.C24 6.656 -1.815 13.347
.b25 629.893 631.483 15.375 7.023 -1.915 13.542
.837 600.980 609.633 15.e76 7o370 -2.010 13.689
.850 584.534 586.246 15.954 7.708 -2.102 13.809 U
.862 560.832 562.603 16.226 8.045 -2.194 13.919
.875 537.434 539.265 16.498 8.385 -2.287 14.023
.887 514.633 516.526 16.773 8.729 -2.381 l4.124
0 9CO 492.602 494.559 17.C54 9.079 -2.476 14.223
.912 471.414 473.436 17.340 9.436 -2.574 14.319
.925 451.082 453.173 17.632 9.801 -2.673 14.411
.937 431.578 433.740 17.926 10.172 -2.774 14.498
.950 412.825 415U.59 18.223 10.550 -2.877 14.578
.962 390.750 397.057 18.520 10.933 -2.982 14.648
.975 377.403 379.784 18.817 11.322 -3.088 14.709
.987 360.590 363.047 19.111 11.714 -3.195 14.753

1.000 344.250) 346.782 19.399 12.109 -3.303 14.792 0
1.012 328.497 331.1C3 19.684 12.507 -3.411 14.812
1.025 313.085 3150765 19.960 120904 -3.519 14.816
1.037 298.188 300.941 20e229 13.300i -3.627 14.804
I.*050 283.612 286.435 20.488 13.694 -3.735 14.775
1.062 269.556 272.449 20.739 14.085 -3.841 14.730

10C75 2550816 258.777 20.979 14.471 -3.947 14.667
2*C87 242'551 245.577 21.208 14.851 -4". 5l 14.589
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T IMhEC) P (PSI), PPHI U (FTISEC) UX UY UZ

1.100 229.719 232.8C7 Z1.427 15.224 -4.152 14.496
1.112 217.263 22U*411 21.634 15.5 8 -4.251 14.387
1.125 2C5.309 208.515 21.831 15.945 -4.349 14.264
1.137 193.824 197.085 22.018 16.291 -4.443 14.129

u 1.150 182.759 186.072 22.193 16.627 -4.S35 13.982
1.162 17i*137 173.499 22 .a57 16.951 -4.623 13.825
1.175 162,013 165.421 22.511 17.263 -4.708 13.659
1.187 151*364 155.817 22.656 17.564 -4.790 13.485
1.200 143.156 146.650 22o791 17.852 -4.869 13.305
1.212 134.385 137.918 22.916 184127 -4.944 13.119
1.225 126.058 129&626 23.C32 18..;9 -5.015 12.930
1.237 118o166 121.768 23.141 18.639 -5.083 12*738
1.25G 110.699 114.333 23.241 18*875 -S.148 12.545
1.262 103*65S 107.317 23.334 19.099 -5.209 12.352
1,275 97.048 100.738 23.420 19.311 -5.267 12.159
1.287 90.836 94.550 23.499 19.510 -5.321 119969
1.300 85.009 86.747 23.573 IP.698 -5.372 11.782
1,312 79.569 83.329 23.641 19.875 -5.420 11.598
1.325 74.511 78.291 23.704 20.040 -5.466 11.418
1.337 69.808 73.606 23.762 20.196 -5.508 11.243
1.350 65.447 69.262 23.815 2U,341 -5.548 11.073
1.362 61.*423 65.254 23.864 20.477 -5.585 10.909
1.375 57o733 61.579 23.910 20.605 -5.619 10.750
1.387 54.345 58.204 23.952 20.724 -5.652 10.597
1*400 51.243 55.115 23.991 203835 -5.682 10.450
1.412 48.413 52.296 24 .C27 20.938 -5.710 10.310
1,425 45.843 49.737 24.C61 21.035 -5.737 10.175
1.437 43.524 47.428 24.C91 21.125 -5.761 1.O046
1.450U 41.427 45.341 24.12C 21.210 -5.784 9.923

1.462 39.536 43.*458 24.146 21.288 -5.806 0805
1.475 37.836 41.765 24 .170 21.361 -5.826 9.692
1.487 364310 40 .246 24.192 21.429 -5.844 9.585
1.500 34.944 36.887 24.212 21.493 -5.862 9.483

TOTAL IMPULSE (PSI-PSEC) 247.8301487
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Appendix A

DERIVATIVES OF POTENTIAL

POTENTIAL

C()
SA(Q)-B t t()de

LEIBNITZ'S RULE

Xb(r)
.!BAb [aXb(T) B2 lb

at 2R-b at ]2J r

Xb(D)
=Ab ) [aXb(T) B/rA()-BfIt tb() d=aw 2Rb a w aw )I J

.A~b( =~ ~) B r A)- t--bO d
V OXb(r)r

aXb(T) _ ar

aXb(T) _ ___a---x -- v
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8h C r~-~Rb = x X )2

a7 I Rb 1 x Xb aXb(r)
at t c Rb at0 i

aXb(r) V l x Xb 3Xb(r)I
at [c Rb at

* at VxX

Rb

=r ab I aXb(?)
aw c aw cRW(x Xb) aw

a Xb(Tr) V Xb)(T)
aw -(x-Xb) Oaw

3Xb(Tr) cRb
aw V -X

c Rb

LT ~ ~ aO Xb(T)1
= = -b1 I(-

ax c ax .cXn b)I axN

a Xb(r) V ~Xb a Xb(Tl
Ox cRb a xj

V x Xb I
O~bT) c Rb

Rb
bL
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* Integral in ao/at expression

Xb Xb

r (2+-(x e)2

y-x-t t=x-y dt=-dy

x -Xb

r,-(.2 + ýy2*X
From tables

x - Xb

* 2
x + Nrw2 ý+x2

x Xb + + (x- Xb)

I=Rn x +Ro
x - Xb + Rb

Derivatives within integrals of aO/ax, aOl/w expressions

aw r2 a l r2 a r3= =. - 2 + +(x- t)2 x=

ax r2 ax r2 ax r3

Combining terms

B2b ( x+R0 !1IP = B~ n -( b+ •
at "2- V x-Xb 2 x Xb+Rb

c Rb
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V RXbQ1)

aw 2 Rb V Xb

c Rb

V X Xb u

!-b c Rb B tdax -2 -X A(Q)-B8 t-tb(V) 3d
II A

ax <2b V X X-Xb 2 / b Hr
c Rb

PROGRAMMING NOTE

The remaining integrals are difficult to evaluate numerically. For example, for x term

define

Xb(r)
Ix --- AQ) - B t - t,( "J 3 •i

0 I 1

Find an expression for al/at and calculate I as a function of time by integrating a i/at.

Leibnitz's R~ule

Xb(r)
. _ Rb\ x-Xb aXB 5

Ix Ab.B [t] t r"

but

Xb(7) X-Xb x -Xb

(3 2 i312 +y y
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a and

3Xb(r) v

at V x-Xb

c RbI_ _ _

aI x X) b +RBbl( ) I
at A Rb7 3 1V x-Xb Ro'Rb

c Rb

Similarly, for the w term

Xb(Tr)ii rr
Lit

fon O A- B(t- tb,]3rd

Leibnitz's Rule

-t -b()Rb 3L-'T

Rb 0

but

Xb(T) x Xb XX
=. dy I XbS5 (2/+ y2)3 2  (2 + yy2 x

W2 Ro Rb)

aXb(r) _ V

at V X'Xb
c Rb

S(A

c R " b
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Appendix B

k UTILIZATION OF IMAGE LIMITER. ARRAY

1. SAMPLE PROBLEM - SEMI-INFINITE FLUID

A. Pressure at a Point Within Fluid

+PG

1+:

Flui2] surface at X =0, pressure at PG. image as shown.

Image limiter array:

o LP(1). LP(2). LP(3) = 0.0,0
LM(1), LM(2), LM(3) = i,0,0

Pressure at PG inclu6's primary pressure wave plus reflection from free surface calcu-
lated from negative image.

'0
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B. Incident Pressure on Surface

Fluid surface at X =0, pressure at PG, no images.

Image limiter array:

LP(1), LP(2), LP(3) = 0,0,0
LMOl), LM(2), LM(3) = 0,0,0

Gives incident pressure wave on surface X =0.

11. SAMPLE PROBLEM - SEMI-INFINITE SLAB

A. Pressure at a Point Within Fluid

-~~ y

-2L -L X-O0 X -L 2L X

-2 -10 +1 +2

66
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* Fluid between planes X= 0 and X = L pressure calculated at point PG.

1. Source in cell 0 gives primary pressure.

.2. N-,gative image at cell +I gives reflection from surface at X = L.

• 3. Negative image at celi -1 gives reflection from surface at X 0.

4. Image at cell +2 gives twice reflected wave from source in cell 0 to surface X = 0 to
surface X = L to point PG.

5. Image at cell -2 gives twice reflected wave from source in cell 0 to surface X L to
* surface X = 0 to point PG.

Number of images along the X axis increases the number of reflections which are
accounted for. If pressure is to be calculated for time, T, the number of images, N, requires
approximately

2+ cT2N + I> -L

where c is the sound speed in the fluid.

o NOTE. Computer running time is propor-
tional to product NT for the semi-infinite
slab.

NOTE. The free surface approximation for
light structures gives increasingly inaccurate
results for multiple reflections.

NOTE. Pressure from a given image source
decays approximately with I /R2 dependence
so reflecting waves become progressively less
important with increasing cell number.

Economics and accuracy indicate truncation of the number of images.

Image limiter array for illustrated example with twice reflected waves:

LP(I), LP(2), LP(3) = 2,0,0
LM(I), LM(2), LM(3) = 2,0,0
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13. Incident Pressure on Surface at X =0

Find images which contribute to incident pressure in sample problem IIA. Incident
waves come from the right. Waves reflected from the surface X = 0 arise from images on the
left. (If the incident and reflected waves were added, the result would be zero.) Therefore,
the image array should be

0 t2L +2

-1 0 +1 +2 +3 4~

Image limiter array:

LP(l), LP(2), LP(3)= 2,0,0
LM( I) LM(2), LM(3 = 0,0,0

C. Incident Pressure on Surface at X -L

Same logic as example 1I1B. Incident waves, in this case, come from the left.

-21 -L 0 L I

-3 -2 -1 01

Image limiter array:

LP(l). LP(2), LP()= 0,0,0
LM(l), LM(2), LM(3) =2,0,0
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0 III. RECTANGULAR CROSS-SECTIONAL CYLINDER

A. Pressure Within Flui

Extend logic of example IIA to two dimensions.

7 N6

LP(1), LP(2), LP(3)= 1, 1,0
LM(1), LM(2), LM(3) = 1, 1,0

NOTE. The number of images required for
time, T, with fluid volume dimension L is
approximately:

2N + l~(#)

* Economics may dictate truncation of the number of images.
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B. Incident Pressure at a Surface

Let the point be the surface Y = L. Referring to example liA, incident waves on this
surface come from below; reflected waves come from above. Image array is then

Q
+V

(-1. O) PG (11 0)

4%%?

Image limiter array:

LP(1), LP(2), LP(3)= 1,0,0
LM(I), LM(2), LM(3)-= 1, 1,0

IV. NONRECTANGULAR VOLUMES

Nonrectangular volumes cannot be treated exactly using the method of images for

wave reflections. Exact treatment is very difficult and computer codes are not available. The
following suggest ways for approximately accounting for wave reflections in nonrectargiflar
volumes. Incident pressures will be con'iidered.

Circular cylinder: construct rectangular volume for each individual point on the
surface.
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ye

Y

PGI

X PG1

-yx

Y

PG2N

x PG2

N.^

noo N-

V PG

PG

Obviously, the closer to rectangular shape the more accurate the results will be. The
accuracy of this approximation has not been evaluated yet.
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Appendix C

COORDINATE TRANSFORMATION

1. Entrance coordinates (Xo, Yo, Zo) ='90

2. Point on trajectory (X1 , Y1, Z1) =

3. Point in space (Xp, Yp Z)

4. Cyiindrical coordinates with respect to trajectoiy (x,o)

Problem: Calculate (xw) for point flp as a function of R0 , R1 , and Rp.

0

TRAJECTORY

TO RI

S(Xp - Xo)(X - Xo) + (Yp - Yo)(Y1 - Yo) + (Zp - Zo)(Z1 - Zo)
x~ Il

where

rl j•4 o = (Xl Xo,) 2 +(Yy -Yo) 2 +(Z I Zo) 2

If o =-R ol -Xo) + (Yp -Xo) 2 + (Z - o)2

W= sro2 - x2

Problem given 9 = (Ux, Uw), find = (Ux, Uy, Uz)

A A A
Define unit vectors in (x, y, z) coordinates X, Y, Z

Define unit vectors in x, w coordinateE xA
x7(a3
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Velocity components are:

A A AA
=X Ux(X X)+ W X)

A A) + A A
U y Ux(x Y) W Y)

U XA A) UA A
= x( Z Z)

Unit vectors aze

A ___

A APU

where Rj =o + (R I -R0 ) r = (XI Yl, Zj)

UY U, (XVX 0 + UW (W~

where

Zj =X 0 + (z1 -z) x..

-J 
= I+ ( I-Y
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Appendix D

RECOMMENDED BULLET CONSTANTS

Constants .30 caliber .50 caliber 12.7 mm 14.5 mm

Bullet 165.7 grains 622-649 grains 746 grains 963 grainsweight

Bullet Diameter: Diameter: Diameter: Diameter:
dlleh 0.308 in. 0.510 -*+0.511 in. 0.510--00.511 In. 0.586 -+0.587 in.dimensions Length: 1.39 in. Length: 2.31 in. Length: 2.5 in. Length: 2.6 in.

Penetrator 80 - 81.2 grains 375 grains 448/449 grains 655 grains
o weight

Penetrator Diameter: Diameter: Diameter: Diameter:
0.244 -+0.245 in. 0.426 -+0.427 in. 0.427 in. 0.4889 in.

dimensions Length: 1.08 in. Length: 1.8 in. Length: 2.07 in. Length: 2.075 in.

Jacket 84.5 -+ 85.7 grains 247 - 274 grains 297 -*298 grains 293.21 grains
weight includes incendiary includes incendiary excludes incendiary

Jacket Same as bullet Same as bullet Same as bullet Same as bullet
dimensions dimensions dimensions dimensions dimensions

Bullet/jacket
projected 0.0745 in2  0.2042 -+0.2050 in. 0.2042 -"-0.2050 in. 0.2697 -*0.2906 ft,.
area,
untumbled

Bullet/JacketBulet/jaketd 0.31732 in2  0.73625 in2  1.03772 in 2  1.322 in2

area,
untumbled

Penetrator
projected 0.0468 -0.0471 in2  0.1425 -0.1432 in2  0.1432 in2  0.18773 in2

area,
untumbled

•.) Penetrator
projected 0.2601 in2  0.59830 in2  0.700214 in2  1.05 in2

area,

tumbled

Bullet
projected 0.0314 in 2  0.1121 in2  0.0855 in 2  0.12566 in 2

aresi, stern-

Sfirst
CD of bullet,

normal 0.10 0.05 0.05 0.10
attitude

CD of bullet,
tumbled 0.60 0.30 0.30 0.30
attitude

0 CD of penetrator,
normal 0.10 0.05 0.05 0.10
attitude

CD Gf penetrator.
tumbled 0.60 0.30 0.30 0.30
attitude

(•) CD of Jacket.
o tu jet 1.0 1.0 1.0 1.0

attitude

CD of bullet,
ste, -fist 0.82 0.82 0.82 0.82

-• 7 5
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Appendix E

TUMBLING BEHAVIOR OF 12.7 AND 14.5 MM API
FROM FOOTNOTE 2
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